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PREFACE TO EIGHTH EDITION 

r¥lHE general plan of this work is to give, in each group 
JL of the Invertebrata, first, a short account of its general 
zoological features with a more detailed description of the 
hard parts of the animals; secondly, its classification and 
the characters of the important genera, with remarks on 
the affinities of some forms; and thirdly, a description of 
the present distribution, and the geological range. The 
account of each genus is followed by the enumeration of 
one or more typical species, so as to guide the student in 
making use of a large collection. 

The illustrations are employed mainly for the purpose of 
explaining structure and terminology, and will not enable 
the student to dispense with the use of specimens. The list 
of palaeontological works is intended to indicate where 
further information may be obtained in any branch of the 
subject ; it includes works of general interest in each group, 
and others dealing especially with British fossils. 

Minor alterations and corrections have been made in 
this edition and the list of palaeontological works has been 
brought up-to-date. In connection with the systematic 
position of the Graptolites attention must be called to the 
work of Kozlowski on the Dendroids from the Upper Tre- 
madoc. He maintains that they are not Hydrozoa, but are 
allied to the Pterobranchia among the Hemichordata. This 
is made probable by the presence among the Graptolites of 
a Pterobranch related to the living Cephalodiscus. 

H. WOODS 
March 1946 
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INTRODUCTION 

From the earliest times it has been known that bodies 
resembling marine animals occur embedded in the rocks. 
For several centuries two distinct views were held respect- 
ing their nature. By some persons they were thought to 
have once formed parts of living animals, and consequently 
to indicate that the spot where they are now found was in 
past ages covered by the sea. Others, feeling it difficult 
to account for so much geographical change as would be 
necessitated by this view, considered that they were not of 
organic origin at all, but had been formed by some 'plastic 
force' within the earth — that they were in fact 'Sports of 
Nature'. Since, however, these bodies resemble in every 
essential respect the hard parts of animals now existing, 
we may at once reject this hypothesis. 

Theremai ns of animals and plants of past ages jgegorvftri 
in the rocks are known as fossils, the study of whichjojmi 
th e subj ect o f Palaeontol ogy. ~™ 

Q [n or3er tKat an animal or plant may b ecom e a fossil 
two conditions are generally neces sary: Fir st, it must pos- 
sess a skeleton of some kind or other, since the soft parts 
are rapidly decomposed; conseque ntl y such animals as 
jelly-fishes leave no trace of their exis tence, jmless it be a 
mere imprint t Secondly, the organism must be covered jip 
by some deposit, otherwise it will soon crumb le to piec es .j 
Row, since ther e a re comparatively few places on land 
where material is being deposited to any great ex tent h it 
f ollows that terrestrial animals will stand but little^ cha nce 
Q^Ll^gi gg preserved; the greater number after deatlPw il] 
remain j^^ he sur face and will in a short time be entirely 
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d ecomposed. A few may become entombed in peat-bog s, 
mt he dust and ashes thrown out by volcano es, i n the sand 
of sand-dunes, or by a la ndslip; so me may be sealed "up in 
Seposits of carbonate oFlime, such as the travertine thrown 
down by calcareous springs, or the stalagmite formed on 
the floor of caves; and lastly, others may be transported 
by running water and ultimately buried in the bed of a 
river, of a lake, or of the sea. Such instances, however, are 
of comparatively rare occurrence , t n the case of aquati c 
animals the conditions for fossilisation are much m ore 
favourable, since deposition is more universal in _water_tb§Jj. 
on land. Of such aqueous deposits, those formed in the 
sea will enclose by far the larger number of animals on 
account of the greater area which these deposits cover. 

Th e structure and composition of the ha r d parts var y 
consid erably in different group s of animals and plants; 
some ar e therefore much more readily preser ved as^fbssils 
£ Han other s. Thus m Argonauta the skeleton consists of a 
bhin shell which is easily broken up; then again in some 
jponges it is formed of needles of silica, which are held 
together by the soft parts only and consequently easily 
become scattered after the death of the animal. But in 
other cases, as in most of the molluscsjand corals, the 
skeleton is very strong and noT*easily destroyed, hence 
these occur abundantly in the fossil form. Perhaps even 
more important than the structure, is the composition of 
the hard parts, which , in the case of insects and some 
hydroids, consist of a horny substance known as jghjtjft ; i* 1 
diatoms, in most radiolarians, and in many sponges, of 
silica; in the bones of vertebrates, chiefly of cjrjxma^and 
pli o8phate of lim e; in corals, echiiioderms, molluscs and 
many other ammals and some plants, of carbonate of lime ; 
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in most plants, of woody or corky tissue : a larger or smaller 
amount of organic matter is always combined with the 
mineral. Of these substances, chitin is with difficulty dis- 
solved. Silica in its ordinary crystalline condition is one of 
the most stable of minerals, but when secreted by an animal 
or plant it is glassy and isotropic (i.e. singly refracting and 
without effect on polarised light), and is dissolved with 
comparative ease, so that such skeletons may be entirely 
removed by the action of percolating water. In organisms 
with calcareous skeletons the carbonate of lime is readily 
dissolved by water containing carbonic acid, but the degree 
of solubility varies according to the condition in which the 
carbona te ofhmejs~pi$sj3nJj> Insmneanimals-it.occurs as 
aragonlte^ JjCLjifc^ these two mil] 

aragonite is the harder and heavier, its specific gravity 
being 2-93, whilst that of calcite is only 2-72; aragonite 
crystallises in the rhombic system, calcite in the hexagonal. 
Fossil calcite shells (e.g. Pecten opercularis) are translucent, 
their surface is compact, but their interior porous; on the 
other hand the aragonite shells (e.g. Glycimeris glycimeris) 
are opaque, and have a chalky appearance but a compact 
structure throughout. If a shell of each kind be suspended 
in water containing carbonic acid, it will be found that the 
one composed of aragonite will lose, in the same time, a 
much greater proportion of its weight than the other. 
Further, the calcite shell remains firm longer than the 
aragonite, the latter being soon reduced to the consistency 
of kaolin or china-clay. This difference, however, does not 
appear to be due directly to mineral composition, for 
Cornish and Kendall found that when crystals of calcite 
and aragonite were powdered and placed in carbonic acid 
solutions of the same strength, the aragonite was not acted 
on more rapidly than the calcite, and the same result was 
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obtained with powdered fossil shells. From all these con- 
siderations, it is not surprising to find that in some strata 
the aragonite skeletons have entirely disappeared, whereas 
those formed of calcite remain. This will obviously be 
most likely to occur in pervious beds through which water 
containing carbon dioxide percolates. A striking instance 
of the difference in the solubility of calcite and aragonite 
was furnished by some specimens of the common edible 
mussel, Mytilus edulis, in which the inner layer of the 
shell is formed of aragonite and the outer of calcite ; Sorby 
found specimens in the raised beach at Hope's Nose, 
Torquay, which had lost the inner layer but not the outer. 
Similarly, in specimens of Spondylus from the Chalk, the 
inner layer of the shell has been completely removed, but 
the outer is left. In some cases aragonite is replaced by 
calcite, but then the organic structure is entirely destroyed, 
and we get mereiy a mass of calcite crystals. Calcite is 
never replaced by aragonite. 

The mineral character of the skeleton of the chief cal- 
careous organisms is as follows : 

Foraminifera. — The vitreous forms consist of calcite, the 
porcellanous probably of aragonite. 

Porifera. — Calcareous sponges of calcite. 

Anthozoa. — The Alcyonaria are of calcite, except He- 
liopora, which is of aragonite; the Madreporaria are of 
aragonite. / 

Echinoderma. — All of calcite. ** 

Polyzoa. — Chiefly of calcite. j 

Brachiopoda. — All of calcite J \ 

Lamellibranchia. — Many consist entirely of aragonite, 
but Anemia, Ostrea, and Pecten of calcite. In Pinna, 
Mytilus, Spondylus, Unio, and Trigcmia, the inner layer is 
of aragonite, the outer of calcite. 
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Gasteropoda. — The majority are formed of aragonite, 
but Scalaria and some species of Fusus are of calcite. In 
some (e.g. Patella, Littorina) the outer layer is calcite. 

C ephalopoda . — Nautilus, Spirula, and Sepia are mainly 
aragonite, as also were probably the Ammonites. Argo- 
nauta and the guard of Belemnites are calcite. 

Cr ustacea. — The shell consists ofchitinous material usually 
containing calcite^ and often somejp hosphate- Qf lime. 

The condition in which fossils occur depends, as we have 
seen, on their original composition and on the material in 
which they are embedded. The chief types are the following: 

1. The entire organism preserved . Occasionally the soft 
parts bf the organism are preserved as well as the skeleton, 
the whole having suffered very little change. Instances of 
this are the woolly rhinoceros and mammoth found frozen in 
the mud and ice in Northern Siberia .^Insects encased in fossil 
resin, known as amber, are found in the Oligocene beds^6n 
the Baltic shores of Prussia and in the Tertiary beds near 
Cromer, but it is only rarely that any of the soft parts are 
preserved. 

2. The skeletonjprese rved almost unchanged^ Sometimes 
wheifthe skeleton alone is preserved, it remains almost in 
its original condition, except that it has lost its organic 
matter. Thus the shells in the Pliocene beds of England 
differ from living ones only in being lighter, more porous and 
generally colourless. In some instances a certain amount 
of mineral matter, such as carbonate of lime, has been 
added to the skeleton, making it heavier and more compact. 

3. Carbonisation. *\n some plants, and in animals with 

0^1 - - — — ^.^ ,. «. — •*" •*• 

chitinous skeletons, such as graptolites, the original material 
usually becomes carbomsecWThe organism undergoes de- 
composition and loses oxygen and nitrogen, the relative 
percentage of carbon therefore increasing. The changes are 
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similar to those which occurred during the conversion of 
vegetable matter into coal. 

4. A mould of the, sJ^jdgHu^ Sometimes the skeleton 
disappears entirely, a mould only remaining rrhis is espe- 
cially the case when it consists of aragonite and is embedded 
in a porous stratum^ After the shell of a mollusc has 
become covered up with sediment, and the soft parts have 
been decomposed, the interior becomes filled with the same 
material. Water containing carbonic acid subsequently 
percolates through the rock and carries away the shell as 
bicarbonate of lime, so that there is left only a mould of 
the interior and of the exterior, the space between the two 
being that which was originally occupied by the shell and, 
if filled with wax, will give an exact model of it. Excellent 
examples of this mode of fossilisation are seen in some 
molluscs from the Portland Oolite, e.g. Aptyxiella and 
Trigonia. Sometimes after the shell has been removed the 
space left becomes filled up with mineral matter carried in 
by percolating water; this has the form of the original 
skeleton but obviously not its internal structure. 

The interior of the shells of Foraminifera may, soon after 
the death of the animal, become filled with glaucjmite 
(silicate of iron and alumina ) ^subsequently the shell itself 
often disappears, leaving only the internal cast. Glauconite 
occurs in this way in the various greensand strata, and 
also in some of the deep-sea deposits at the present day. 
Somewhat similarly the shells of sea-urchins occurring in 
the Chalk are sometimes filled with flint ; in such cases the 
shell when buried did not become filled with Chalk , but 
remained empty un til flint was deposited in it from per- 
colating water containing silica in solution. 

5. Petrifaction. In some deposits the fossils show the 
minute structure as well as the form of the organism, but 
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the original material of the skeleton has been replaced by 
another mineral/ Thus we find fossil wood which shows 
the cells and vessels just as in existing trees, but in which 
the walls are formed of silic a ^instea d of cellulose^ The 
change has gone on in such a manner that as each particle 
disappeared its place was taken by a particle of silica. The 
chief minerals which replace the original substance of 
organisms in this manner are : 

(i) Carbonate of lime; calcite sometimes replaces the 
silica of sponges. 

(ii) Silica, as in the fossils from the Blackdown Green- 
sand, and the Thanet Sands near Faversham; also in the 
wood of the Purbeck dirt-bed in the Isle of Portland. 

(iii) Iron pyrites ; e.g. Ammonites from the Oxford Clay, 
Lias, etc., and some graptolites. 

(iv) Oxide of iron, in the form of limonite in some fossils 
from the Dogger (Inferior Oolite) of Yorkshire and the 
Lower Green^aH3™oFPotton,~etcT^ and as haematite in fossils 
from the Carboniferous Limestone of Cumberland. 

(v) In rare cases there are other replacing minerals, such 
as sulphate of lime, barytes, blende, galena, malachite, 
vivianite, and spathic iron. 

6. Imprints. The footprints of animals and the impres- 
sions of jelly-fishes are sometimes found in the rocks, and 
these, although forming no part of the animal itself, are 
nevertheless regarded as fossils. 

jln endeavouring to discover the changes which have 
taken place on the earth in past geological times, the 
evidence furnished by fossils is of primary importance. 
Each great group of the stratified rocks, known as a system, 
is characterised by a particular assemblage of genera and 
species,/some of which are confined to it and enable us to 
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identify the system. In a similar manner, the smaller 
divisions — the series and stages — are each characterised by 
the presence of certain fossils, which do not occur above or 
below. Further, it is found that the fauna of the smallest 
division (stage or group of beds) is not of uniform character 
throughout; although there may be no change in the 
nature of the rock^some of the species and varieties which 
are abundant at one level will become rare or will disappear 
entirely in passing to higher or lower horizons/ Conse- 
quently, a set of beds may be divided into belts or zones, 
the general aspect of the fauna of each zone being some- 
what different from that of the others, but between these 
divisions there will be no break either physical or palseonto- 
logical. If then we have determined the order of succession 
of the formations in any one area by means of their relative 
positions, the newer resting on the older, it is fairly easy in 
any other district, merely by examining the fossils, to refer 
any set of beds to its proper position in the geological 
record. But although this law of the identification of strata 
byAthe fossils which they contain is of great value, it must 
not be applied without some caution, for even if two forma- 
tions were deposited at exactly the same time, it does 
not necessarily follow that all the genera and species found 
in the two will be identical. Thus for instance in the seas 
at the present day the same forms of life do not occur in 
all parts; animals which live in water of moderate depth 
are distributed in provinces which depend largely on 
climatic conditions, each province possessing some forms 
peculiar to itself. The organisms now being entombed in 
deposits formed, say, off the British coasts, will as a whole 
be different from those off the Canary Islands; but still, 
some of the species and many of the genera will be common 
to both areas, and would enable us to identify the two 
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deposits as having been formed within the same general 
period, though perhaps not to prove them absolutely syn- 
chronous. Then again there is a distribution of organisms 
according to the depth of the sea, and the nature of the 
sea-bottom; so that the fauna of a deep-water formation 
will necessarily be different from that of a shallow-water 
one, and that of a sandy deposit different from that of a 
mud. But in addition to the animals living on the sea- 
bottom there are others which live near the surface of the 
ocean, far from land; such pelagic forms have a wider 
geographical range than those which live on the sea-floor 
in shallow water, and are consequently of great value in 
determining, as of the same age, deposits found in widely- 
separated localities. 

In addition to their chronological value, fossils are also 
important in indicating the conditions under which the 
formations were deposited. In the case of the later beds, 
where most of the fossils belong to genera which are still 
existing, it is easy to distinguish a marine deposit from one 
formed in freshwater or on land. Even in the rocks of 
earlier periods, in which most of the genera are extinct, 
we may recognise a marine deposit by the presence of such 
animals as radiolarians, corals, echinoderms, brachiopods, 
pteropods, cephalopods, or cirripeds, which at the present 
day are found only in the sea. 

The depth of the sea in which a formation was deposited 
can be estimated when the fossils belong to living species; 
when the species are extinct some idea may be formed if 
the genera to which they belong are found chiefly at some 
particular depth at the present day. In attempting such 
determinations it must be remembered that the sea-bottom 
down to a depth of nearly 50 fathoms may be disturbed by 
the action of waves and currents in the sea; consequently 
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the animals living on the bottom in shallow water are 
liable to be carried from their original home to higher or 
lower levels. One of the surest indications that a formation 
was laid down in shallow water and not far from land is 
furnished by the association of the fossil remains of land 
animals and plants with marine species; another, by the 
presence of molluscs such as Pholas, Saxicava and Litho- 
phaga, which bore into rocks, and at the present day are 
found only in shallow water. The proximity of a shore-line 
is also indicated when the assemblage of fossil forms re- 
sembles in general character the faunas which live in littoral 
regions at the present day.' When evidence of the existence 
of a shore-line is found it is obviously possible to gain some 
idea of the distribution of land and sea in past times. 
fThe nature of the climates of past ages may be judged 
to some extent by the character of the fossils ; the evidence 
furnished by land-plants is particularly valuable, since 
their distribution is determined largely by temperature 
and is better marked than in the case of marine animals^ 
As far as the latter are concerned it is only when we are 
dealing with modern species that we can, as a rule, speak 
with any degree of certainty on this subject; this is owing 
to the fact that at the present day the individual species 
of the same genus have often a very different distribution, 
some being found in warm, others in cold, regions. Even 
when all the fossils in a formation belong to extinct species, 
the assemblage of genera is sometimes such as marks some 
region at the present day ; thus, for example, in the London 
Clay we find that many of the genera of molluscs are now 
characteristic of tropical or sub-tropical seas. 

The study of fossil animals and plants is of the highest 
importance to the biologist, not only because they include 
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the ancestors of modern species, but because among fossil 
forms we find many groups (e.g. Graptc^ififl^JDystids^Blas- 
toids, Trilobites, Eurypterids), which are altogether extinct 
and v'hich often throw light on the relationship of existing 
animals and plants. Others (e.g. Crinoids, Brachiopods, 
Nautiloids) are represented at the present day by few 
forms only, but were, in past ages, very abundant; con- 
sequently no adequate knowledge of such groups of animals 
can be obtained from the study of living examples only. 
In some cases the ancient forms serve to connect groups 
which, at the present day, appear to be quite distinct; 
thus, for example, the earliest known bird (Archceopteryx , 
from the Solenhofen Limestone, Upper Jurassic) shows, in 
several important characters, affinities to the Reptiles^) 

From the point of view of the biologist, the greatest 
interest in Palaeontology is found in the bearing it has on 
the subject of evolution : it is only by a study of the strati - 
graphical succession ot fossil forms that the race-history 
or phytogeny of^tnlmals and plants can be traced with 
certainty; buTTn attempting such investigations a great 
difficulty is presented by the jmperfection of the recordof the 
life of past ages, since only a very small proportion of the 
animals and plants has been preserved, and often in an im- 
perfect manner. We have already seen several reasons why 
this record must be imperfect; some animals are without 
hard parts ,, while others, particularly land a nimals, fre- 
quently do not become covered up with sediment. Further, 
the remains of animals which were originally present in 
the rocks have been, in some cases, dissolvedby percolating 
water,... or to a great extent ob hteratedHb y the mgta- 
morphism which the rock has undergone. Then again the 
record of lifeTTs incomplete because of the breaks in the 
succession of the stratified rocks; these breaks have been 
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caused sometimes by denudation having removed a great 
thickness of rocks, in other cases by a temporary absence 
of deposition. CEven when there is no break in the suc- 
cession due to these causes a further difficulty in tracing 
out phylogeny may be introduced by changes iaking plac e 
in the ph ysical conditions during the depositio n of _a series 
of beds; thus there may have been alterations in the- depth 
of the sea, in the nature of the sediment on the floor, or in 
the temperature of the water; in each case the physical 
change would reaot on the fauna tending to causajfche 
animals living on the sea-floor to jpaigrate to other regions 
where conditions favourable to their mode of life could be 
found. When such migrations occurred the descendants of 
the animals .which lived when one stratum was deposited 
would not be found fossil in the overlying beds_pf jthe 
same areaj} 

Notwithstanding this imperfection of the record and 
the effects of changing physical conditions, many groups 
of animals are found to undergo gradual modification when 
traced through series of strata or formations. "For ; "example, 
in the Pliocene deposits of Slavonia there are numerous 
shells of pond-snails (Viviparus or Paludina); and speci- 
mens found at the top and bottom of the formation, and 
also at certain intervening levels, differ so much from one 
anot her that they appear to belong to distin ct species. 
When, however, examples are collected from all the beds 
of the formation, the apparently distinct species are seen to 
be connected by intermediate forms, and a series, showing 
a gradual passage from the species found in the lowest bed 
to that In Th^"IiigFestr"can be obtained . Similarly in the 
Englisn""CKalk, during the deposition of which the physical 
conditions continued more nearly uniform than in most 
other formations, it is found that the sea-urchins, starfishes, 
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etc. undergo slow and graduaJ_changes in various characters 
when traced from Tower to higher horizons. 

In several groups of Tertiary, Mamma lia,, there is also evi- 
dence of gradualjnodification in structur e; thus the earliest 
known forerunner of the horse^found in the Eocene beds, 
possessec^Eve^toST^tnd was succeeded in later times by 
forms with successively fewer toes, until in the Pliocene J 
the existing type of horse, with only one toe_and spHnt- 
bones^ appeare^ciy~6THer^rlicTual changes also occurred in the 
character of the teeth, etc. 

In attempting to work out phylogeny, in addition to the 
stratigraphical method just described, the method of com- 
parative anatomy and often the method of ontogeny (or 
development of the individual) can be used in the case of 
fossils. In the course of the development and growthof 
an animal, various stages^ which often pre sent resemblances 
to the adults of other animals, are passed through. The 're- 
capitulation theory ' supposes that the changes seen during 
the development of the individual (ontogeny) are, in a 
general way, a rapid but often" incomplete repetition of 
those which occurred in its race-history (phylogeny). Palae- 
ontology has, in some cases, given sup port to this view , by 
showing that suc cessive stages, similar to those passed 
through in t he development of an anim al, also occurred in 
the history^ of its race, as seen in the geological record. 

On the whole the ev idence of Palaeontolo gy favours the 
view that evolution proceeded by fl1 ^ w nT ^ gra.Hiia.1 mn difi. 
cations; but there were also times, especially in the early 
hrstorv^of vari ous groups, wh en evolutionary changes-went 
on more rapidly. There is also evidence indicating that 
evolution was orthogenetic — that the evolutionary changes 
in any one groujTof animals proceeded in definite directions 
for considerable periods of time; and further, that allied 
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groups, descended from the same ancestral stock, have 
passed through similar or parallel stages in their evolution 
quite independently of one another and of external condi- 
tions, suggesting that the lines of evolution in the various 
groups were determined by something inherited from the 
common ancestor. Examples of this are seen in the Chalk 
starfishes, in the mode of branching of graptolites (p. 69), in 
the development of horns in different evolutionary series of 
Titanotheres, and in the evolutionary history of various 
other groups of Terftary mammals. 

In a natural classification of animals an attempt is made 
to place together in the same group those forms which 
are connected by descents such a classification, if perfect, 
would be of the nature of a genealogical tree. Each main 
division is termed a P hylum and includes animals built 
on~tft e sa me fundam ental pl an and believed to have de- 
scended from one ancestral stock. Each Phylum is divided 
and subdivided into smaller and smaller groups, known as 
Classes^jDrders, Families, Genera, atid^Jpecies. A species 
includes a group of individuals very closely related to one 
another, which Have descended from the same ancestors and 
can give rise to offspring which are fertile among them- 
selves ; such individuals usually differ from one another to 
only about the same degree that offspring of the same 
parents may differ, f One species is generally distinguished 
from another by such characters as ornamentation, shape, 
relative proportion of parts, and size. In some species one 
or more groups termed varieties may be recognised, and are 
distinguished from the other forms included in the species 
by some slight, but fairly well-marked and constant modi- 
fication. \ Varieties are frequently connected with the special 
physical or biological conditions under which they are 
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living. The varieties in some species pass into one another 
by intermediate forms; but others appear to be fairly dis- 
tinct and may be regarded as incipient species. 

Sometimes two groups of individuals resemble each other 
so closely that they might be regarded as belonging to the 
same genus or even to the same species, but they have 
descended from different ancestors since they are found to 
differ in development (ontoge ny) or in the ir palaeontological 
history; this phenomenon^ of forms belonging to different 
stocks approaching one another in character, is known as 
convergence or helero genet ic hc ymmomorphy , and may occur 
either at the same geological period or at widely separated 
intervals. Thus the form of oyster known as Gryphma 
has originated independently from oysters of the ordinary 
type in the Lias, in the Oolites, and again in the Chalk; 
these forms found at different horizons closely resemble one 
another and have usually been regarded as belonging to 
one genus (Gryphcea), but they have no direct genetic con- 
nection with one another. Similarly in various species of 
Terebratulids a double fold or biplication has arisen in the 
front part of the shell, thus giving considerable resemblance 
to different species which are not closely related to one 
another. Then again sutures similar to those of Ceratites. 
from the Trias are developed in some Chalk Ammonites 
which have no genetic connection with Ceratites. f 

Also, animals belonging to quite distinct groups may, 
when living under similar conditions, come to resemble one 
another owing to the development of adaptive modifications, 
though they do not really approach one another in essen- 
tial characters; thus analogous or parallel modifications 
may occur in independent groups — such are the resem- 
blances between flying reptiles (Ornithosaurs) and birds, 
and between sharks, ichthyosaurs and dolphins. 
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Classes Orders 

( 1 . Foraminifera 

1. Gymnomyxa <2. Radiolaria 

(Sarcodina) (,3. Others not found fossil 

2. Flagellata or Mastigophora 

3. Infusoria (not fossil) 

4. Sporozoa (not fossil) 



fThe Protozoa include the lowest forms of animals!, such as 
Amoeba, Vorticella, and Globigerina. The body is usually 
veryjmiall, and consists in many cases o f one cell only , in 
others of more than one, but the cells never form tissues as 
they do in all other animals. A cell consists of protoplasm 
— a viscid or semi-fluid living substance containing granules ; 
in the centre of the cell is a denser, usually spherical body 
called the nucleus — sometimes more than one is present. { 

\ In some Protozoa (the Gymnomyxa% the protoplasm is 
naked J and consists of an inner granular mass and a thin, 
clear, outer layer; such forms are further characterised by 
having no definite shape i f by being able to take in food at 
any part of the body, /and by possessing the power of 
throwing out lobes or filaments of protoplasm known as 
pseudopodia. j In others (the Flagellata and Infusoria) the 
protoplasm is surrounded by a firm membrane or cuj&cie 
which gives the animal a definite form ; the food is generally 
taken in at one permanent aperture, and pseudopodia are 
seldom present, but the surface is provided with julia or 
flagellay which are fine threads of protoplasm having a 
definite form and a rhythmic movement. \ 

Reproduction in the Protozoa takes place usually by 
fission (i. e. divis i on into tw gjarts ) and sometimes by _the 
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for mation of spores . Injjojnecasej^^ or 

more individuals occurs, representing to some extent sexual 
reproduction. In some of the Protozoa there is no skeleton, 
but in others a gbdULis- formed. 

The Protozoa can be divided into four main groups: 
(1) the Gymnomyxa, (2) the Flagellata, (3) the Infusoria, 
(4) the Sporozoa; no examples of the last two divisions 
have been definitely recognised in the fossil state. 

CLASS I. GYMNOMYXA (SARCODINA) 

The members of this group possess no external memb rane 
(cuticle), and are able to throw out pseudopodia, by means 
of which movement takes place and food is obtained. 

The Gymnomyxa or Sarcodina are divided into several 
orders, of which only two have been found fossil, namely, 
the Foraminifera and the Radiolaria. 

ORDER I. FORAMINIFERA 

The Foraminifera are c haracterised by their thr ead-like 
pseudo podia, w hich frequently branch and anastomose ; and 
by possessing in most cases a shell or test, which may be 
calca reous, arenaceous, chitinous, siliceous, or gelatinous . 

The calcareous forms are by far the commonest,! and in 
these, two kinds of shell may be distinguished, namely, the 
vitreous or perfora te and the yorcelk mous ovimp erforate. In 
%he vitreous, the shell often has a glassy appearance, and 
is perforated by innumerable tubes for the passage of the 
pseudopodia ^in some forms (e.g. Rotalia) these tubes are 
Wxttf °f an i nc h i* 1 diameter, but in others (e.g. Operculina) 
only TY^xr °f an i*H3n. In the porcellanous forms the shell, 
when viewed by reflected light, is opaque and white, having 
the appearance of porcelain ; it is not perforated by tubes, 
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but possesses one or two large apertures through which most 
of the pseudopodia pass out4-some, however, are given off 
from the layer of protoplasm which covers the surface of the 
shell. In these porcellanous Foraminifera the shell is some- 
times pitted, producing at first sight the appearance of 
perforation. 

f In the arenaceous forms the shell consists of foreign 
particles joined together by a cement. The particles are 
usually grains of sand |( commonly quartz), but sometimes 
sponge- spicules, or the shells of other Foraminifera. The 
cement may be formed of chitinous, calcareous, or ferru- 
ginous material. The shell is often imperforate. 

I' The chitinous forms (e.g. Gromia) do not occur as fossils, 
The shell of the Foraminifera varies considerably in 
form and structure ; in some genera it consists of a single 
chamber, when it is said to be unilocular, as in Lagena 
(fig. 3 F) which is generally flask-shaped. In other cases 
it consists of several chambers communicating with one 
another, either by perforations in the walls (septa) be- 
tween them, or by larger openings. In these multilocular 
forms the shell grows by the addition of a new chamber 
at the end of the one last formed ;| this takes place by the 
protrusion, through the aperture or mouth of the shell, of 
a mass of protoplasm, at the surface of which the wall of 
a new chamber is formed either by the secretion of material 
or by cementing of foreign particles. |The arrangement of 
the chambers in the multilocular Foraminifera is very 
varied; they may be placed in a straight line as in Nodo- 
saria (fig. 3 H), in a curved line as in Dentalina, in a plane 
spiral as in Criste llaria (fig. 3 G), or in a helicoid spiral as 
in Rotalia (fig. 3 L, M). The earlier whorls in some spiral 
forms are partly or entirely covered by the later ones, so 
that sometimes the last whorl only is visible on the exterior 
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(e.g. Cristellaria) ; but when the later chambers are merely 
attached to the extremities of the earlier ones, all the 
whorls can be seen (e.g. Operculina). Some genera, such 
as Textularia (fig. 3 E), have two rows of chambers placed 
side by side; others (Tritaxia) have three. In some cases 
(e.g. Orbitolites) there are numerous chambers arranged in 
concentric rings instead of in a spiral. 

^ B 




Fig. 1. A, section of a foraminifer in which each septum is formed of a 
single lamella. B, in which the septum is formed of two lamellae, a, pas- 
sages between the chambers; b, septum; c, anterior wall of last chamber; 
d, supplemental skeleton. (After Carpenter.) 

In the porcellanous and the simpler vitreous Forami- 
nifera each septum (fig. 1 A, b) consists of a single lamella 
which is really the front wall of the preceding chamber; 
but in the higher vitreous forms each septum (fig. 1 B, 6) 
is formed of two lamellae, owing to the fact that when a 
new chamber is added to the shell a new wall is secreted 
next to the front wall of the last chamber. * The shell of 
the vitreous Foraminifera is at first thin, but may after- 
wards increase in thickness by the addition of material at 
the surface ;\in the higher vitreous forms the outer layers 
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constitute what is known as the supplemental skeleton 
(fig. 1 B, b)> which is traversed by numerous canals con- 
nected with canals in the septa and other parts, f 

A considerable number of the Foraminifera, especially 
the higher forms , are dimorphic— that is to say, there ar e 
two form s of the s ame species, This fact was first noticed 
in specimens of Nummulites from the Eocene deposits. In 
one form, the first or initial chamber, which is seen at the 
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Fig. 2. Dimorphism of Nummulites Icevigatus, Bracklesham Beds (Eocene), 
Selsea. A, section of the entire shell of the megalospheric form, x 9. 
B, section of the central part of the microspheric form, x 9. 

centre when the shell is split, is large and more or less 
spherical and is called the meaalosyhere^ . (fig. 2 A) ; in the 
QthexJtjs^jnuch smallera nj. is known as the microsphere. 
(fig. 2 B). These two forms are found associated together 
and were, at one time, described as different species. J In 
the microspheric type the shell commonly, but not always, 
grows to a larger size than in the megalospheric type,Jand 
individuals of the former are much less numerous than of 
the latter; in other respects the two are similar. The 
relationship of the microspheric and megalospheric shells 
has been elucidated by a study of the life-history of 
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Poly8tomella and other living ForaminiferaA When reproduc- 
tion takes place in the microspheric form all the protoplasm 
passes out of the shell and divides into spherical masses, 
each of which secretes a shell and develops into a mega- 
lospheric individual. In the reproduction of the megalo- 
spheric form the protoplasm divides into small rounded 
portions which pass out of the shell as moving spores — 
zoospores; it is believed that two zoospores from different 
individuals conjugate and give rise to a microspheric indi- 
vidual. There are, therefore, two- modes of reproduction — 
one asexual, the other apparently sexual, which alternate 
For convenience of reference the Foraminifera may be 
divided into three groups, the characters of which are 
based on the structure and composition of the shell; but 
this cannot be regarded as a natural classification since it 
sometimes separates allied forms, and also in some types 
which are usually calcareous we occasionally meet with 
species in which the shell consists largely of sandy material. 

I. Porcellanous Forms 

Shell calcareous, porcellanous, not perforated by canals, but 
provided with one or two large apertures through which the 
pseudopodia pass out. 

Miliola (fig. 3 A — D). Shell multilocular, the early chambers 
spiral, the later chambers coiled on an elongated axis, each 
chamber forming half a convolution. In some cases all the 
chambers are visible externally on both sides of the shell 
(fig. 3D); in others, owing to the lateral prolongations of the 
chambers, only the last one or two are seen (fig. 3 A — C); or 
it may be that more chambers are shown on one side than on 
the other. The external features of the shell consequently vary 
considerably, and on account of this and changes in the plane 
of coiling, the forms included under the term Miliola are now 
regarded as constituting a number of distinct genera to which 




Fig. 3. Foraminifera (recent). A, B, Pyrgo murrhina. B, section. 
C, QuinquelocuJJTia semimda. D, Spirolocutina litnbati*. E, Textularia 
barretti. F^Jbdgena sulcata. G, CristeUaria rotulata. HYNodosaria radicula. 
I, K, Globigerina buUotdes. L, M, Rotalia beccari. (After Brady.) All 
enlarged. 
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the following names have been given : Pyrgo, Fabularia, Spirocu- 
lina, Miliola, Quinqiteloculina, etc. Carboniferous to present 
day. Ex. Quinqueloculina seminula, Eocene to present day; 
Pyrgo ringens, Eocene to present day; Spiroloculina planulata, 
London Clay to present day. 

Orbitolites. Shell discoidal, generally rather large, com- 
posed of either a small spiral part at the centre, or of one or 
more large central chambers, around which are many concentric 
rings divided into numerous chambers by radially arranged 
septa; the chambers of adjacent rings communicate by radial 
openings, and at the external margin of the last ring are pores 
opening to the exterior. Above and below this layer of chambers 
there may be other layers of smaller chambers arranged con- 
centrically. Eocene. Ex. O. complanata. 

Alveolina. Shell fusiform or elliptical, sometimes nearly 
globular, composed of many whorls coiled around the long axis 
of the shell; each whorl completely covers the one preceding 
it, and is divided into long chambers by septa parallel with the 
axis of the shell; these are divided into smaller chambers by 
partitions at right angles to the septa. One row of perforations 
in the septa. Cretaceous, but chiefly Eocene. Ex. A. bosci, 
Eocene. Sub-genus Alveolinella, with several rows of perfora- 
tions in the septa, and chambers further divided. Late Tertiary 
and Recent. Ex. A. quoyi. 

II. Arenaceous Forms 

Shell composed of grains of sand or other particles ce mented 
together by chitinous, calcareousTor ferruginous material. 
Young stages sometimes calcareous. 

Saccammlna. Shell usually free, compact, formed of a 
single spherical, pyriform, or fusiform chamber with a projecting 
aperture at one or both ends, or of a number of chambers 
united end to end. Surface smooth or nearly smooth. Recent. 
Ex. S. ephcerica. Saccamminopsis is similar in form, but 
apparently with a thin calcareous test. Ordovician and Silurian. 
Ex. S. fueullnifonni8 ( = carteri), Carboniferous. 

Lituola. Shell free, composed of coarse grains, plani-spiral in 
the young, later stages uncoiled, straight. Septa labyrinthine. 
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Aperture single in early stages, later sieve -like. Carboniferous 
to present day. Ex. L. nautiloidea, Chalk. 

Orbitollna. Shell partly sandy; conical or flattened, with 
convex upper, and usually concave lower surface; consisting 
of central compressed chambers surrounded by concentric rings 
of subdivided chambers. Cretaceous. Ex. 0. concava, Upper 
Greensand. 

Endothyra. Shell free, largely calcareous; spiral, nautiloid, 
or rotaliform; chambers numerous, composed of an outer cal- 
careous, perforated layer, and an inner compact layer formed 
of small grains cemented together. Aperture simple, at the 
inner margin of the last chamber. Carboniferous to Trias. 
Ex. E. bowmani, Carboniferous Limestone. 

Textularia (fig. 3 E ). Shell arenaceous (in the young it is 
vitreous and perforate); conical, pyriform, or cuneiform; com- 
posed of numerous chambers in two alternating parallel series. 
Aperture slit-like on the inner edge of the last chamber. Car- 
boniferous to present day. Ex. T. globulosa, Chalk. 

III. Vitreous Forms 

Shell of calcite, vitreous, perforated by numerous minute 
canals ibr the passage of the pseudopodia. 

/^Lagena (fig. 3 F). Shell unilocular, very finely perforated. 
Form globose, ovate, or flask-shaped. A single terminal aper- 
ture, sometimes at the end of a long neck; rarely two apertures. 
Surface smooth, ribbed, striated, or spinous. Upper Cambrian 
to present day. Ex. L. striata, London Clay to present day; 
L. sulcata, Cretaceous to present day. 

Nodosaria (fig. 3H). Shell composed of a number of 
Chambers which are circular in transverse section, arranged in 
a straight line, and separated by constrictions. Aperture at the 
apex of the last chamber. Surface smooth or ornamented with 
granules, spines, or ribs. Silurian to present day. Ex. JV. zippei, 
Gault and Chalk. 

Cristellaria (fig. 3 G). Shell compressed, lenticular or elon- 
gate, multilocular, coiled in part or entirely in a plane spiral; 
each coil usually covers the one preceding it. Upper Cambrian 
to present day. Ex. C. rotulata, Chalk to present day. 
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Globigerina (fig. 3 I, K). Shell perforated by large canals; 
chambers globular, few, arranged in a helicoid spiral (trochoid), 
each chamber opening by a large aperture into the central 
cavity of the spire. No supplemental skeleton. Pelagic forms 
usually with spines. Cretaceous to present day. Ex. G. cretacea, 
Chalk. 

Orbulina. A single spherical chamber, with perforations of 
two sizes; with smaller chambers (similar to a Globigerina) 
inside the large spherical one. Lias to present day. Ex. 0. urn- 
versa, Cretaceous to present day. 

^ Rotalia (fig. 3 L, M). Test very finely perforated, multi- 
locular. The chambers arranged in a helicoid spiral, so that on 
the upper surface all the whorls are seen, on the lower only the 
last one. The aperture is in the form of a curved slit on the lower 
surface of the last chamber. The septa are perforated and 
usually formed of two layers with canals between the layers. 
A supplemental skeleton is often present. Lower Cretaceous to 
present day. Ex. R. beccari, Miocene to present day. 

Galcarina. Test lenticular, spiral, with only the last whorl 
visible on the base. Supplemental skeleton greatly developed, 
traversed by numerous canals, and projecting as long spines 
from the margin. Chalk to present day. Ex. O. calcitrapoides, 
Chalk. 

Fusulina. Shell fusiform, composed of elongated whorls; 
each whorl completely covers the preceding one, and is divided 
by septa into a number of chambers, which may be again 
divided into smaller chambers. Adjoining chambers communi- 
cate by a slit at the middle of the base of each septum. Septa 
folded, each consisting of a single layer. Aperture in the form 
of a fissure. Carboniferous. Ex. F. cylindrical Carboniferous 
Limestone. 

Amphistegina. Shell lenticular, with sharp edge; the upper 
and lower surfaces unequally convex; formed of numerous 
chambers coiled in a plane spiral, each coil completely enclosing 
the preceding one on one side and partly on the other. Septa 
formed of a single layer. Supplemental skeleton at the centre 
of the shell. Aperture similar to that of Rotalia. Eocene to 
present day. Ex. A. haueri, Miocene. 

7 Nummulites (figs. 2, 4). Shell lenticular in form, and com- 
posed of a large number of whorls coiled in a plane spiral. 
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Usually each whorl completely covers the preceding one by 
means of the lateral prolongations of the chambers, so that 
externally only the last whorl of the shell is visible. The whorls 
are divided into chambers (c) by septa (6) which are slightly 
curved backwards; each chamber communicates with the neigh- 
bouring one by means of a median fissure at the inner margin 
of the septum. Each septum is formed by two imperforate 
lamellae between which are irregular spaces. A supplemental 
skeleton is present, part of it forming what has been termed 




a cb d i 

Fig. 4. NummuliieSy showing vertical and horizontal sections, a, marginal 
cord with canals (supplemental skeleton); 6, septum, with canals; c, 
chambers; d, test; e, pillars of the supplemental skeleton. (After Zittel.) 
Enlarged. 



the 'marginal cord' (a). The general shell -substance is minutely 
perforated, and a system of canals traverses the septa and 
supplemental skeleton. Aperture in the form of a slit at the 
inner margin of the last chamberTTtle shell splits readily into 
two similar parts along the median plane, owing to the relatively 
large size of the parts of the chambers occurring there. Eocene 
and Oligocene; maximum development in the Middle Eocene. 
In the English Eocene the genus is found in the Barton and 
Bracklesham Beds. Ex. N. lasvigatus, Bracklesham Beds. 

Operculina. Similar to Nummulites, but whorls fewer and 
rapidly enlarging, all visible externally; each of the earlier 
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whorls partly encloses the preceding one. Upper Cretaceous to 
present day. Ex. 0. complanata, Miocene. 

Lepidocyclina. Test lenticular, circular or stellate, flat to 
inflated, minutely perforated. In the microspheric form the 
early chambers show a spiral arrangement ; in the megalospheric 
form the early part consists of chambers which are variable 
in number and size. The early part is followed by a median 
layer of chambers arranged in concentric rings, usually alter- 
nating with the chambers of adjacent rings, and with rhombic, 
diamond -shaped, hexagonal or other outline; the chambers 
communicate with those of the same and adjacent rings by 
apertures. Above and below the median layer are numerous 
layers of smaller chambers, flattened and irregular in form, 
placed one above the other and arranged more or less con- 
centrically. Eocene to Miocene. Ex. L. mantelli, Oligocene. 

Distribution of the Foraminifera 

The majority of the Foraminifera are marine, most of 
them living on the sea-bottom. A few, however, as for 
instance Globigerina, exist at or near the surface in the 
open ocean, and these are very important on account of 
their abundance, especially in warm seas. The distribution 
of the pel agic Foraminifera in the open jocean, jts well as 
thosew^ch^Hve^o n the sea-floor J il shallow^water, is in- 
fluenced largely by temperature; the former are more 
numerous in warm regions and in warm ocean- currents 
than in colder water, whilst the species of the latter often 
have their range determined by temperature and depth. 

Th e Foramin iierjL jbund in the Palaeo zoic_depQsits_ are 
mainly v itreous and are naceous form s. They appear first 
in the Upper C ambrian ^ but are comparatively rare until 
the Carboniferous, in which some beds are formed largely 
of their shells, as for instance, the Saccammina limestone 
of the north of England and Scotland, the Endothyra-lime- 
stone of North America, and the Fusulina- limestone of 
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Russia, China, Japan and North America. Jlhe Forami- 
nifera are mostly of small size in the Permian |jpf England; 
thej^jire comparatively rare in the Trias, but become 
abundant in the Jurassic ,| where, however, rock-building 
types are generally absent. In the Lias the introduction 
of numerous vitreous speciestj (Nodosaria, Cristellaria, etc.), 
many of which appear to be allied to forms now living in 
tropical or warm-temperate regions only, is noteworthy; 
some porcellanous forms belonging to the Miliola group 
are also fairly common. \A larger number of genera and 
species are found in the Middle and Upper Jurassic than 
in the Lias. [ 

]The Order continues to be well represented in the Cre- 
taceous formations, particularly in the Gault and Chalk — 
Orbitolina, Calcarina, Olobigerina y Rotalia, etc: 1 being com- 
mon. Some beds of the Chalk, especially the Mwraster zones 
and the Chalk Ro ck, are largely composed of Foraminifera 
such as Globigerina, Tefyularia, Bolivina, Flabellina. 

T he Foraminifera attai n th eir greatest development in 
Tertiary and r ec ent times, Injhe Eocene deposits Num - 
mulites is o ften extrem ely abundan t and of large size, 
forming the greater part of the massive Nummultfiic Lime- 
stone of Southern Europe, Egypt, Asia Minor, and the 
Himalayas; Miliola, Orbitolites, Alveolina, Operculina, and 
Lepidocyclina are also important rock-building forms in the 
Eocene period. In the English Eocene, Foraminifera are 
numerous in the Thanet Sands and the London Clay; in 
the Barton and Bracklesham Beds Nummulites, Quinque- 
loculina, Alveolina, etc. occur, un the Oligocene Nummulites 
and Lepidocyclina are still present. Ampkistegina is abun- 
dant in the Miocene .* A large number of forms occur in the 
Pliocene deposits of East Anglia and of St Erth in Cornwall. 
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ORDER II. RADIOLARIA 

In the Radiolaria the body consists of a central mass of 
protoplasm, e nclosed in a membrane known as the cen tral 
wpsule^ (fig. 5,2). The intracapsular protoplasm contains 
3ne or more nuclei, and is continuous, through pores in the 
capsule, with a layer of protoplasm outside the capsule; 
this layer gives off thread-like pseudopodia, which occa- 




Fig. 5. Helio8phoera inermis. x 350. Recent. (After Biitschli.) 1, skele- 
ton; 2, central capsule; 3, nucleus. Pseudopodia project from the surface. 

sionally unite. A skeleton (fig. 5, l) is generally present and 
is usually composedLoXsijica ; but in one group of Radiolaria 
it consists of a substance which was formerly regarded as 
horny in nature and termed acanthin, but is now believed 
to consist of strontium sulph. te. The skeleton shows great 
diversity of form and complexity (fig. 6); it may be entirely 
outside the central capsule or partly within, and consists 
either of isolated spicules, or of a lattice-like or reticulate 
structure of varying shape, frequently with projecting spines. 
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The Radiolaria are all marine and mainly pelagic ; the 
j najority live between the surface and a depth of 200 
fathoms , but a few forms occur in much deeper water) They 
have a very wide geographical distribution, being found in 
all climates, but show the greateatjrariety of forms in the 
seas between the tropics ^they are also abundant in indi- 
viduals in the Arctic seas, but the variety of forms is 





Fig. 6. Fossil Radiolaria. A, Lithocampe tschernyschewi, Devonian. 
B, Trochodiscus longiapinus, Carboniferous. C, Podocyrtis schoniburgki, 
Barbados Earth (Tertiary). All largely magnified. 

relatively small. In some of the deeper parts of the Pacific 
and Indian Oceans the empty shells of these animals settle 
and accumulate on the sea-bottom, fo rming_a siliceo us 
deposit known as * Radiolarian ooze \ Only those Radiolaria 
injwjucjhthejheUc ^ of sil i ca are preserved as fossils . 

Cayeux has described as Radiolaria some bodies found in 
the Pre-Cambrian rocks of Brittany; they are much smaller 
than later forms of the group, and are thought by some 
authors to be simply inorganic aggregations. Imperfectly 
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preserved Radiolaria have been recorded from the Cambrian 
of Thuringia. 

In Britainlthe earliest exam ples of the Radiol aria oc cur 
in the Ordovician rocks of the South of Scotland* where 



they form beds of chert ; others, which are perhaps of nearly 
the same age, have been found in a chert from Mullion 
Island (off the west coast of the Lizard). A few specimens 
have been noticed in the Carboniferous Limestone of Flint- 
shire; whilst in the Carboniferous Limestone of South 
Wales and in the Lower Culm of Devon and Cornwall 
these organisms contribute largely to the formation of thick 
beds of siliceous rock (cherts, etc.) — some, at any rate, 
of these deposits appear to have been formed in shallow 
water. At several localities on the continent ^ Radiolaria 
are fairly common in the ^^^P^iS^f^lS^i 0118 ? I Dut m 
England only a few have been recorded fromTHe Lias, the 
Lower Greensand, the Upper Greensand, the Cambridge 
Greensand, and the Chalk. In the Tertiary some have 
been obtained from the London Clay of Sheppey. A very 
i mportant Radiolarian formation *of late Tertiary age cove rs 
large areas in the Island of Barbados, and i s known as t he 
' Barbados Earth '; it resembles very closely the modern 
Radiolarian ooze mentioned above, and is probably a deep- 
sea deposit. 
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Classes Orders 

1. Hexactinellida 
'1. Myxospongida 

2. Ceratosa 

3. Monaxonida 

2. Demospongise ... ...4 4. Tetraxonida 

5. Lithistida 

6. Octactinellida 
v 7. Heteractinellida 

3. Calcarea 

Sponges vary greatly in form, size, a nd complexity o f 
structure. A simple type is similar to a vase or hollow sa c, 
fixed by the lower end, a nd with an opening or osculum at 
the^pper~extrem ity. The wall of such a Sponge is thln7 
and perforated by a large number of pore& through which 
water flows into the central or gas tral cavity and passes 
out by the osculum; by this means the sponge is provided 
with food and oxygen and gets rid of waste matters. The 
wall of the sponge consists of two layers — an outer or 
dermal and an in ner or gastral; the dermal (fig. 7,2) is 
formed of a surface layer of flattened cells, with a gelatinous 
layer beneath containing various cells, some of which secrete 
the elements of the skeleton. The gastral layer (fig. 7, 3) 
consists of a single layer of cells, each cell being provided 
with a collar-like projection, in the centre of which is a 
long flagellum ; the circulation of water through the sponge 
is produced by the movements of these flagella. 

A simple form like that just described is found in the young 
stages of many sponges which afterwards, in their adult 
condition, are much more complex. Owing to the growth of 
the sponge-wall being unequal in different parts, either folds 




Fig. 7. Vertical section through Leucosolenia, a calcareous sponge. 
Highly magnified. (From Minehin.) 1, sieve-like membrane covering 
the osculum; 2, outer layer; 3, collar or flagellated cells (the pointer 
should have been continued to indicate the cells lining 5); 4, spicules; 
5, gastral cavity. 
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or tube-like projections are formed, and these subsequently 
become more or less completely fused, so that the wall is 
much thickened (fig. 8) and is traversed by canals which 
are really spaces enclosed between the folds and outgrowths. 
In such forms the flagellated cells (choanocytes) are confined 




Fig. 8. Section of a portion of Granlia, a calcareous sponge. Highly- 
magnified. (Prom Dencly.) 1, openings of inhalent canals; 2, inhalent 
canal; 3, openings of inhalent canals into flagellated chamber; 4, flagel- 
lated chamber; 5, collar cells; 6, spicules; 7, exhalent opening of flagel- 
lated chamber. 

to chambers in the sponge-wall (fig. 8, 4). Canals, called 
i ncurrent or inhalerd c&n& te (2), pass fr o m the s urface of 
the sponge to these chambers^ and others, the excurrent^gv 
exhalent canals, may lead fro m the chambers and open into 
t he gas tral cavity. Further complication^s^K»h^n5ranch- 
iiTg 0iTKe^uaTra1s7"niay occur. The thick wall of these more 
complex sponges is formed mainly of the gelatinous layer. 
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In a sponge consisting of a single individual, the form 
depends mainly on the relative rates of growth in different 
directions, and may be cylindrical, vase-like, globular, dis- 
coidal, etc. In a compound sponge the form depends also 
on the way in which the young individuals of the colony 
are attached to the parent, and in addition, on their re- 
maining free or becoming fused together; in the latter case 
the individuals of the colony are frequently distinguish- 
able by their oscula only; when the individuals remain 
free, arborescent or bushy colonies may result (fig. 12) ; if 
they become fused, the sponge may be fan-shaped, funnel- 
shaped, cup-like, tubular, mushroom-shaped, massive, en- 
crusting, etc. 

Nearly all sponges are attached to some foreign object 
— generally by the base of the sponge, but in forms which 
are fixed in the mud, especially deep-sea forms of the 
Hexactinellida, and in some Tetraxonida, this fixation is 
by means of a root- tuft or rope of long spicules. 

In nearly all sponges there is a skeleton, which serves to 
support the canals and chambers and also for protection. 
This sjfceleton^may consist of fibres of a horny substance, 
similar to silk in composition, and known as spongi n ; or 
of m ineral particles, te rmed s picules, (fig. 8, 6), composed of 
ca rbonate ofj imje or of colloid silica; or it may consist 
of both siliceous spicules and spongin. Those forms only 
which have either a siliceous or calcareous skeleton are 
definitely known as fossils. Each spicule consists of a 
number of rays or arms, coming off from a centre, which is 
the point ^vhe~re~the formation of the spicule commenced. 
In some groups, as for instance in the Monaxonida and 
Tetraxonida, the spicules are not united or are joined by 
spongin only; but in others they are fused together or 
interlocked so as to form a complete scaffolding, and 
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generally it is in these only that the external form of the 
sponge has been preserved in the fossil state. In most sili- 
ceous sponges, two kinds of spicules may be distinguished, 
the skeletal-spicules or megascleres which build the main part 
of the skeleton, and the fteshspicules or microscleres which 
are smaller and isolated and are seldom preserved as fossils. 
In the axis of each spicule there is a canal known as the 
axial canal (fig. 9, c), which in the living sponge is occupied 
by a thread of organic matter ; this is the first part of the 
spicule to be formed, the mineral matter being subsequently 
deposited around it. 

The spicules of recent siliceous sponges are characterised 
by the glassy appearance of their surface, and by the silica 
being colloidal, isotropic, and soluble in heated caustic 
potash. But in the fossil state the spicules have generally 
undergone considerable change; occasionally their silica is 
still colloidal but the surface has no longer the glassy 
appearance, and the axial canal is frequently filled with 
secondary silica in a crystalline or crypto-crystalline con- 
dition, and is consequently easily distinguished by the aid 
of polarised light when the spicule itself still remains col- 
loidal. Generally, however, the spicule has become crystal- 
line or crypto-crystalline, and in such cases the axial canal 
can rarely be detected since it is filled with material in 
the same condition. Sometimes the silica of the spicules 
has been entirely removed, a hollow cast only remaining; 
in other cases it is replaced by another mineral, as for 
instance by calcite in the sponges from the Lower Chalk 
pf Folkestone, by iron pyrites in Protospongia from the 
Menevian Beds of St David's, by iron peroxide in the sponges 
of the Upper Chalk of the south of England, and by glau- 
conite in some from the Upper Greensand. Obviously then, 
the colloidal silica of recent sponges is anything but a 
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stable substance, thus differing widely from crystalline and 
crypto -crystalline silica. 

The spicules of the calcareous sponges are usually smaller 
than those of the siliceous forms, and their material is not 
in an isotropic state, but each spicule possesses the optical 
characters of a crystal of calcite ; consequently in polarised 
light these spicules are readily distinguished from unaltered 
siliceous forms, which appear dark between crossed Nicol's 
prisms. Then again the fossil calcareous spicules have under- 
gone much less chemical change than the siliceous ones; 
generally they are still composed of carbonate of lime, 
for it is only in rare cases that this is replaced by silica. 
The external form of the individual calcareous spicules 
is, however, often less well preserved than in the case of 
siliceous spicules. 

The forms of sponge spicules, both megascleres and 
microscleres, are very varied, but they can be shown to be 
modifications of a small number of types or fundamental 
forms. The spicules, on account of the constancy of their 
characters, are of great importance in the classification of 
sponges. 

The canal-system is indicated in the skeleton of both 
recent and fossil forms by spaces in the framework of 
spicules or spongin, but these spaces represent only the 
larger canals, the smaller existing in the soft parts alone. 

Reproduction in the sponges takes place by budding and 
by the production of ova and spermatozoa. 

The sponges may be divided into three classes: (1) Hex- 
actinellida, (2) Demospongiae, (3) Calcarea. The first and 
second are sometimes grouped together as the Non-Calcarea. 




Fig. 9. Sponge spicules (skeletal), a, monaxonid, Halichondria panicea, 
Recent. b> tetraxonid (calthrops), Pachastrella, Upper Greensand. 
c, tetraxonid (trisene), Geodites, Eocene, d, lithistid, Scytcdia radiciformis, 
Chalk, e, lithistid, Seliscothon mantelli. f t hexactineilid, Goeloptychium 
agaricoidesy Chalk. g y octactinellid, Astroeospongia, Silurian. h t heter- 
actmelltd, Aateractinella expansa. Carboniferous. j 9 calcisponge, Grantia 
compressa. Recent, All magnified. 
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CLASS I. HEXACTINELLIDA 

The spicules in the Hexactinellida (fig. 9,/) consist of three 
axes crossing at right angles to one another; in primary 
forms there are consequently six rays of equal length pro- 
ceeding from a centre. Each ray is traversed by an axial 
canal, and these unite at the point of junction of the six 
rays. Various modifications are produced by some of the rays 
being longer or shorter than the others, or almost absent; 
and also by the branching of the rays and the occurrence 
of spines, knobs, etc. The spicules may remain free or they 
may be fused with one another by a deposit of secondary 
silica, but they are never united by spongin. When spicules 
with equal rays are united end to end, skeleton- cubes are 
formed, each cube consisting of eight spicules (fig. 9,/). 
Flesh-spicules are abundant, but are seldom found fossil. 
Some of the spicules form a layer near the external surface 
of the sponge for the support of the dermal membrane; 
others form a similar layer near the internal surface; the 
spicules which constitute the main part of the skeleton 
occur in the middle of the sponge-wall and serve to support 
the canals and flagellated chambers. The spicules which 
form the root- tuft by which many Hexactinellids are fixed, 
are long and thread-like. The walls, as a rule, are thin and 
the canal-system is usually simple. 

The earliest form is Protospongia from the Menevian Beds 
of St David's; Pyritonema is found in the Upper Cambrian, 
the Ordovician, and Silurian. In the Silurian the genera 
Astroeospongia and Phormosella are present; in the Devonian 
Dictyophyton; in the Carboniferous Hyalostelia. Hexac- 
tinellids are rare in the Trias, but they become abundant in 
the Jurassic, especially in the upper part, and also in the 
Cretaceous ; they are rare in the Tertiary. 
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Protospongia (fig. 10). Form unknown but probably cup- 
shaped. Spicules cruciform owing to the reduction of one axis, 
and arranged in a quadrate' 
manner, the larger forming a 
framework, which contains the 
smaller spicules of two or three 
sizes, arranged in the same regu- 
lar way, so that the larger squares 
enclose four or five series of 
smaller ones. The spicules were 
either free or probably partly 
fused together. Menevian Beds 
and Lingula Flags. Ex. P. fene- 
strate*. 

Cratlcularla. Cup -shaped, Fig. 10. Protospongia fenestrate, 
funnel-shaped, or cylindrical; Menevian Beds, St David's. x3|. 
simpleor branching. On both the ^fter ffinde.) The original ia in the 
inner and outer surfaces of the Bntish Museum O^ng to the cleav- 

.. . , , age of the rock the angles of the 

wall are circular or oval canal- s * icule8 are di8torted . 

openings, which are arranged in 

vertical and transverse rows crossing each other at right angles. 

Canals straight, terminating blindly. Inferior Oolite to Upper 

Chalk (perhaps also Miocene). Ex. C.fittoni, Chalk. 

Ventriculites. Simple; form variable, but usually cup- 
shaped, funnel-shaped, or cylindrical. Central cavity large and 
deep. Walls folded so as to form a series of vertical grooves and 
ridges ; the grooves are divided by transverse extensions of the 
wall into oval or elongate openings. Canal system well de- 
veloped; the radial canals are large and start from the central 
cavity, but end before reaching the outer surface ; others start 
from the outer surface and end before reaching the central 
cavity. Spicules six -rayed and fused with one another so as to 
form a mesh- work. The node where the axes cross is hollow, 
having the form of a negative octahedron, the central part of 
each face of which is absent; the axial canals cross in the centre 
of the octahedral space. The sponge was provided with a root 
consisting of siliceous fibres. Chalk. Ex. V. radiatvs, V. im- 
pres8U8. 

Plocoscyphia. Sponge formed of thin -walled tubes and 
laminae which anastomose, forming an irregular or rounded 
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mass. Small, close-set openings of canals on the outer surface. 
Canal system imperfect. Upper Cretaceous. Ex. P. fenestrates, 
Upper Greensand and Chalk Marl. 

CLASS II. DEMOSPONGI.E 

The skeleton consists of siliceous spicules, or of spongin, 
or of both spicules and spongin. In some forms there is 
little or no spongin, but in others the entire skeleton con- 
sists of spongin with no siliceous spicules; between these 
extremes there is a complete passage. The spicules are never 
of the hexactinellid type. In some few cases both spicules 
and spongin are absent. 

Order 1. Myxospongida. Sponges with no skeleton or 
occasionally with a few isolated spicules. Not known in the 
fossil state. 

Order 2. Ceratosa. Sponges with a skeleton composed of 
a fibrous network of spongin. This Order includes the ordinary 
bath sponges, etc., and is unknown in the fossil state. 

Order 3. Monaxonida. The skeleton is formed of 
spongin and spicules in varying proportions. The spicules 
(fig. 9, a) consist of a single rod or axis, which may be 
straight or curved, and with sharp or blunt ends; each 
spicule may consist of two rays or of one ray only. In the 
former the two ends of the spicule are alike and there is a 
small swelling of the axial canal at the centre of the spicule 
where growth commenced; in the latter the two ends are 
dissimilar and the swelling in the axial canal is at one end 
of the spicule, and growth went on in one direction only. 
Microscleres or flesh-spicules may also occur but are often 
absent. Since in this Order the spicules are only united 
by spongin or other decomposable material, it is extremely 
rare to find the form of the sponge preserved fossil ; usually, 
detached spicules only occur. 
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The earliest representatives of the Monaxonida are found 
in the Middle Cambrian; the Order becomes rather more 
abundant in the Carboniferous, where the genus Reniera 
occurs. The freshwater form Spongilla is found in the Pur- 
beck Beds of the south of England. In the Cretaceous and 
Tertiary monaxon spicules are sometimes abundant. A large 
number of Monaxonid sponges are still living. 

Order 4. Tetraxonida. The spicules (fig. 9, b, c) con- 
sist of four rays given off from a common centre, the angle 
between the rays, when the end of one is taken as a central 
point, appearing to be 120°. The rays may be equal in 
length, when the spicule is termed a calthrops (fig. 9, b) t 
or unequal; frequently one is very much elongated (fig. 9, c), 
and in such forms, known as tricenes, the three shorter rays 
are placed near the surface of the sponge-wall and the longer 
ray is directed inwards. Sometimes the terminations of the 
rays are bifurcated. Spongin is either absent or occurs in 
minute quantities only, and since the spicules are not united, 
the Tetraxonids, like the Monaxonids, are seldom preserved 
in anything like a perfect condition as fossils. The oldest 
forms occur in the Carboniferous Limestone, where they 
are represented by the genera Geodites and Pachastrella; 
others are found in the Infra -Lias, the Cretaceous and 
Tertiary formations. 

Order 5. Lithistida. The Lithistids have thick stony 
walls and very variable external form. The spicules (fig. 9, 
d, e) are stout and irregular in form, but sometimes show 
four rays; the extremities branch or expand, and by that 
means the spicules become firmly interlocked with one 
another, but do not fuse together. These irregular spicules 
(sometimes termed desmas) are formed by secondary silica 
being deposited on small spicules of the ordinary kind, which 
may be four-rayed or consist of a single axis. In addition 
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to these irregular spicules there is generally a surface layer 
or cortex formed of trisene spicules like those in the Tetrax- 
onids. Flesh-spicules are also present. Several different 
types of canal system occur. The Lithistids are closely allied 
to the Tetraxonida, and are sometimes regarded as a division 
of that Order. 

Owing to their solidity the Lithistids are preserved abun- 
dantly as fossils. They are rare in the Palaeozoic ; a few are 
found in the Upper Cambrian of Canada; in the Ordovician 
and Silurian Astylospongia occurs; in the Carboniferous 
Doryderma, etc. Forms belonging to this Order have been 
found in the Permian of Timor^ and Sicily ; they are numerous 
in the Jurassic, attain their maximum in the Upper Creta- 
ceous, and are scarce in the Tertiary. 

Verruculina. Irregular, fan- or funnel-shaped, attached by 
a short stalk. Oscula placed on prominent elevations on the 
upper, and sometimes also on the under surface. Spicules small, 
interlacing and forming a fibrous network. Upper Cretaceous. 
Ex. V. macromammata ( = reti88i) f Upper Chalk. 

Pachinion. Pear-, fig- or club-shaped, sometimes cylindrical, 
tapering at its lower part to a short stem. Central cavity large 
and deep, with vertical canals opening into its base. Wall 
formed of anastomosing fibres, between which are irregular 
spaces — there are no distinct canals; fibres formed of large 
spicules, branched and interlaced. There is also a surface layer 
composed of small spicules. Chalk. Ex. P. acriptum, Upper Chalk. 

Scytalia. Simple, or formed of two or more individuals 
growing close together^ cylindrical or club-shaped, with a thick 
wall and a cylindrical stem. Central cavity tube -like, long, 
continued at its base by several vertical canals; numerous 
radial canals open into the central cavity and taper towards 
the external surface. Spicules branching, with root-like pro- 
longations. Chalk. Ex. S. radiciformis. 

Seliscothon. Mushroom-like, consisting of a flat or concave, 
circular, plate -like body, and a rounded tapering stem. The 
circular body has rounded or oblique edges, and numerous, 
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small, rounded oscula on the upper surface; it is formed of fine 
vertical radiating lamellae, separated by spaces crossed by 
fibres-»-these spaces forming the canal system. Spicules fine, 
branching irregularly, with bifurcating extremities, and covered 
with tubercles or spines. Chalk. Ex. S. planum. 

Dory derma. Cylindrical, pear-shaped, sometimes branching. 
There are parallel vertical canals opening at the summit of the 
sponge, and smaller radial canals extending from the surface 
towards the centre. Spicules large, of various forms; also a 
surface layer formed of slender trifid spicules. Carboniferous 
and Cretaceous. Ex. D. benetti, Upper Greensand. 




Fig. 1 1 . Siphonia tulipa, Upper Greensand, Warminster. A, vertical section . 
B, horizontal section, e, excurrent canals; i, incurrent canals, x J. 

"oiphonia (fig. 11). Pear-, apple- or fig-shaped, provided 
with a long or short stalk, which is given off from the broad 
end of the bodyWd terminates in rootlets. The incurrent canals 
are small, slightly curved, and extend radially from the centre 
of the sponge to the surface. The excurrent canals are larger, 
and are arranged parallel with the surface of the sponge, ex- 
tending from the base to the summit, where they open into the 
deep central cavity by means of a series of parallel ostia. The 
skeletal -spicules possess four rays with bifurcated and expanded 
extremities, by means of which they are interlocked. Upper 
Greensand to Upper Chalk. Ex. S. tulipa, Upper Greensand. 

Hallirhoa. Like Siphonia but with the sides divided into 
lobes. Upper Greensand. Ex. H. costata. 
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Order 6. Octactinellida. The spicules (fig. 9, g) con- 
sist of eight rays, six of which are in one plane diverging 
at equal angles, while the other two are at right angles to 
this plane, forming a vertical axis. Frequently, however, 
the vertical axis is only slightly developed or altogether 
absent. The spicules are not united. The only genus is 
Astrceospongia, found in the Silurian and Devonian. 

Order 7. Heteractinellida. The spicules are un- 
usually large (fig. 9, h) y the number of rays varying from 
six to thirty. The body spicules are not fused, but there is 
a surface layer in which the spicules are interwoven and 
more or less fused. The only genera are Tholiasterella and 
Asteractinella, found in the Carboniferous rocks of Ayrshire. 

CLASS III. CALCAREA 

The skeleton consists of spicules composed of carbonate of 
lime in the condition of calcite. The spicules are usually 
much smaller and less varied in form than those of the 
siliceous sponges, and cannot be separated into megascleres 
and microscleres. There are three kinds, the simple uniaxial, 
the three-rayed — with the rays in one plane (fig. 9, j), and 
the four-rayed ; they are sometimes fused with one another, 
but often are either arranged close together so as to form 
fibres, or are loosely distributed. Spongin is never present. 
There are three grades of structure in the Calcarea. In 
simple forms, known as the Ascon type, the flagellate cells 
(choanocytes) line the gastral cavity (fig. 7). In others, in 
which the sponge wall is folded, the flagellate cells are 
limited to the flagellate chambers; in the Sycon type these 
chambers open directly to the gastral cavity (fig. 8), but in 
others (the Leucon type) excurrent canals connect the 
chambers with the gastral cavity. The Ascon type of sponge 
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is not definitely known to occur in the fossil state. A group 
of sponges known as the Pharetronids appears to belong to 
the Leuconids. In this group the spicules are arrang6d to 
form solid anastomosing fibres, and some of the spicules have 
a characteristic tuning-fork shape. The Pharetronids are 
found mainly in the Mesozoic, and the genera described 
below belong to this group with the exception of Barroisia 
whicfy is of the Sycon type. 

A few examples of the Calcarea have been recorded from 
the Ordovician, Silurian and Carboniferous, and several 
forms occur in the Permian of Sicily. The group becomes 
important in the Trias, and is well represented in the Jurassic 
and Cretaceous. 

Peronidella. Cylindrical, simple or branched; central cavity 
tubular and extending from the summit to the base of the 
sponge. Walls thick and with no definite canals, but having 
irregular spaces between the spicular fibres. Spicule.! three - 
or four-rayed, forming anastomosing fibres. Carboniferous 
(possibly also Devonian) to Cretaceous; most abundant in the 
Jurassic and Cretaceous. Ex. P. pistilliformis, Great Oolite 
and Cornbrash. 

Corynella. Form similar to Peronidella. Radial excurrent 
canals open into the central cavity, which often does not extend 
to the base of the sponge, but is continued downwards by 
vertical canals. Incurrent canals fine y directed obliquely down- 
ward. Osculum usually with radial furrows. Jurassic and 
Cretaceous (? Trias). Ex. C. foraminosa, Lower Greensand. 

Holcospongia. Simple or compound; individuals usually 
spherical, hemispherical, or club-shaped; their summits rounded, 
with a central area in which a number of excurrent canals open, 
and from which furrows extend down the sides of the sponge. 
Spicules large and three-rayed, and some also filiform; and a 
surface layer of three-rayed spicules, of various sizes, felted 
together. Inferior Oolite to Cretaceous. Ex. H . polita, Corallian. 

Rhaphidonema. Cup- or funnel-shaped or leaf -like, usually 
with definite canals. Oscula on either the inner or the outer 
surface. Spicules of three rays, one of which is but slightly 
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developed. On one (or sometimes both) surfaces is a thin, 
compact or finely porous layer of spicules. Trias to Cretaceous. 
Ex. jR. macropora, Lower Greensand. 

Porosphaera. Small simple sponges, commonly more or less 
spherical, but sometimes pear-, thimble-, or melon-shaped; 
often free, but sometimes attached to foreign bodies. Numerous, 
simple, straight, rajiiating canals open at the surface by minute 
apertures. Spicules with four rays, of which three are short and 
blunt and fused to the rays of adjoining spicules, whilst the fourth 
ray is longer and tapering. A surface layer (not often preserved ) 
consists of a mixture of minute three- and four -rayed spicules 
and simple rods. Upper Cretaceous. Ex. P. globularis, Chalk. 





Fig. 12. Barroisia anastomans, Lower Greensand, Faringdon. A, colony. 
B, vertical section of three individuals of a colony, x J. 

Barroisia (fig. 12). Usually compound and bushy. Indi- 
viduals cylindrical, each divided into a series of chambers by 
transverse partitions, which have a central circular opening, 
through which a tube usually passes. Canals simple, numerous, 
minute. Spicules slender, three-rayed; also a surface layer of 
larger spicules. Lower Greensand to Chalk. Ex. B. anastomans, 
Lower Greensand. 

Distribution of the Porifera 

The Sponges are all aquatic, and with the exception of 
the Monaxonid genus Sjxmgilla and its allies, all marine. 
They are found in the seas of all parts of the world and are 
more numerous between the shore-line and 200 fathoms 
than at greater depths; many of the genera have a very 
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wide distribution. All the Orders except the Octactinellida 
and the Heteractinellida have living representatives. The 
Monaxonids are abundant between the shore-line and 200 
fathoms, and gradually decrease in numbers beyond that 
limit. The Tetraxonids are also common in water of less 
depth than 200 fathoms, but extend down to 2000 fathoms. 
The Lithistids range from 1\ to 1075 fathoms, and are 
most abundant between 100 and 150 fathoms. The Hexac- 
tinellids occur in deeper water than the Lithistids, being 
found down to a depth of 2900 fathoms; but they are 
abundant between 100 and 200 fathoms, and again between 
300 and 700 fathoms. The Calcarea are mainly shallow 
water forms. 

The fossil forms are comparatively rare in the Palaeozoic 
rocks until we reach the Carboniferous; and throughout 
the geological formations they are much less abundant in 
argillaceous than in calcareous and arenaceous rocks. Sponges 
are first found in the Lower Cambrian rocks; the earliest 
British form is Protospongia from the Menevian Beds and 
Lingula Flags; in the Lingula Flags and Tremadoc the 
Hexactinellid genus Pyritonema occurs. In the Ordovician 
we have in the Llandeilo Beds the first appearance of 
Ischadites, 1 associated with Pyritonema] in the Bala Beds 
we meet with Astylospongia. The most abundant Silurian 
form is Ischadites; Astrceospongia, Phormosella, and Pyrito- 
nema also occur. Sponges are rare in t,he Devonian, but 
Astrceospongia, Sphcerospongia, 1 and Receptaculites 1 have 
been recorded. In the Carboniferous rocks sponges become 
much more common, the siliceous spicules often forming 

1 The sponge-character of the Silurian and Devonian genera Ischadites, 
ReceptactUites, and Sphcerospongia, which have been placed by some 
authors in the Hexactinellida, is now disputed; if they are sponges it is 
probable that they belong to the Calcarea. Archceocyathus, Lower Cam- 
brian, is probably a sponge. 
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thick beds of chert: the Monaxonids are represented by 
Reniera, the Tetraxonids by Geodites, the Lithistids by 
Doryderma, the Hexactinellids by Hyalostelia and Erythro- 
spongia, and the Heteractinellids by Tholiasterella and 
Asteractinella. Sponges are usually absent in the Permian 
but Lithistids have been found in Timor, and also Calcarea 
in Sicily. They are rare in the Trias, except in the St Cassian 
Beds of the Tyrol, where the Calcarea are, for the first time, 
numerous. 

In the Jurassic, sponges are extremely abundant; the 
only Monaxonid is Spongilla from the Purbeck Beds ; Lithi- 
stids and Hexactinellids, although common in Germany and 
Switzerland, are comparatively rare in England; the first 
group is represented by Platychonia, the second by Crati- 
cularia, Verrucocoelia, etc.; the Calcarea are numerous in 
this country as well as in France and Germany, common 
genera being Peronidella, Corynella, and Holcospongia. The 
occurrence of Hexactinellids in the Inferior Oolite is note- 
worthy, since other evidence shows that that deposit was 
laid down in shallow water, but at the present day Hexac- 
tinellids are characteristic of deep water. 

Sponges are more abundant in the Cretaceous than in 
an^_ot^ F^ystem 7 In England they are found chiefly at 
four horizons: (1) in the Lower Greensand of Faringdon, 
Up ware, Kent, and Surrey, where the Calcarea are much 
better represented than the other groups, Peronidella, 
Barroisia, and Rhaphidonema being common forms: (2) in 
the Upper Greensand and Chloritic Marl of Warminster, 
Blackdown, Haldon, and the Isle of Wight, where the 
Lithistids (e.g. Doryderma, Siphonia, Hallirhoa) are very 
abundant, exceeding the Hexactinellids (e.g. Craticularia, 
Plocoscyphia, Stauronema); the Calcarea are also common 
in places : (3) in the Lower Chalk of the south of England, 
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where we find Siphonia, Craticularia, Stauronema, Ploco- 
scyphia, etc. ; the Calcarea are rare : (4) in the Upper Chalk, 
where the siliceous sponges are very common; amongst the 
Lithistids the following occur: Seliscothon, Verruculina, 
Scytalia, Doryderma, and Siphonia; the Hexactinellids are 
represented by Craticularia, Verrucoccelia f Quettardia, Ventri- 
culites, CephaliteSy Plocoscyphia, and Camerospongia; the 
Calcarea are represented by Porosphcera. Lithistids and 
Hexactinellids are present in the Miocene of Algeria, but 
generally in the Tertiary formations, although detached 
spicules are sometimes abundant, few perfect sponges are 
found. 
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PHYLUM C(ELENTERA 



Classes 



1. Hydrozoa. 



iScyphozoti 



3. Anthozoa or Actinozoa ... i « 

4. Ctenophora (riot fossil) 



Orders 
Gymnoblastea 
Calyptoblastea 
Graptolithina 
Hydrocorallina 
Stromatoporoidea 
TYachomedusae (not fossil) 
Narcomedus® (not fossil) 
Siphonophora (not fossil) 

Stauromedus® (not fossil) 
Peromedus® (not fossil) 
Cu bora edu see (not fossil) 
Discomedus® 

Zoantharia 
2. Alcyonaria 



The Coelentera include hydroids, jelly-fishes, sea-anemones, 
corals, and allied forms. The individuals are radially sym- 
metrical, and have only one internal cavity, the ccelenteron, 
which opens to the exterior by the mouth. The body- wall 
consists of an outer layer of cells, the ectoderm, and an 
inner layer, the endoderm; between these Is a gelatinous 
layer (mesogloea) — usually quite thin, but in the jelly- 
fishes of considerable thickness. Stinging cells known as 
nematocysts or thread -cells are generally present in the 
ectoderm. 

This Phylum is divided into four classes, (1) Hydrozoa, 
(2) Scyphozoa, (3) Anthozoa or Actinozoa, (4) Ctenophora. 
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CLASS I. HYDROZOA 

The simplest type of the Hydrozoa is the common freshwater 
Hydra. In this the body has the form of an elongated sac, 
about a quarter of an inch in length, and is attached by one 
end, whilst at the other is the mouth surrounded by a 
row of long processes, called tentacles. The large undivided 
cavity in this sac, which opens into the hollow tentacles 
above, is the ccelenteron. The whole body is very con- 
tractile and constantly changing its shape. Reproduction 
may take place in three ways, (1) by the growth of buds, 
which ultimately separate from the parent, (2) sexually, 
by the production of ova and spermatozoa in the ectoderm, 
and (3), in rare cases, by fission. 

Other Hydrozoa consist of a number of individuals (polyps 
or hydranths) similar to Hydra, but growing together as a 
colony (fig. 13); in such cases the ccelentera of all the indi- 
viduals are* placed in living communication with one another 
by means of a tube-like extension from the base of each 
polyp; this common connecting portion of the colony is 
called the ccenosarc (fig. 13, 5). Frequently the ccenosarc 
is much branched, giving rise to tree-like forms ; it is usually 
attached to some foreign object by a horizontal branching 
portion. 

In such hydroid colonies the polyps are asexual, and the 
reproductive elements are produced in another indi»v uai 
of a somewhat different character, known as a medusa or 
gonophore: this arises by budding from the hydroid (fig. 
13, 9), and is often more or less bell-shaped, and may be- 
come detached from the colony, or it may be less perfectly 
developed and remain attached; at the inner edge of the 
bell is a shelf-like fold, the velum. The generative cells are 
of ectodermal origin, and from them the hydroid develops. 
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Hydra possesses no hard parts, but in other forms an 
external skeleton composed of chitin or of carbonate of lime 
is secreted; it commonly forms a tube-like sheath around 
the ccenosarc and is called the perisarc (fig. 13, 6). In one 
group the perisarc is produced at the base of each polyp 
into a cup-like structure or hydrotheca (fig. 13, 7), into 
which the polyp can retract. The gonophores may also be 
protected by a chitinous capsule called the gonotheca or 
gonangium (fig. 13, 10), The vertical branching part of the 
ccenosarc, together with the perisarc around it, is called the 
hydrocaulus; the horizontal root-like portion and its peri- 
sarc form the hydrorhiza. 

The principal characters which distinguish the Hydrozoa 
from the other Ccelenterates are : the ccelenteron being un- . 
divided by radial partitions or ridges; the absence of a 
digestive tract projecting into the ccelenteron; the usual 
occurrence of an asexual (hydroid) generation alternating 
with a sexual (medusoid) generation; the medusa having 
a velum ; the ova and spermatozoa being derived from the 
ectoderm. 

Nearly all the Hydrozoa are marine. They are divided 
into eight Orders, of which five occur fossil: (1) Gymno- 
blastea, (2) Calyptoblastea, (3) Graptolithina, (4) Hydro- 
corallina, (5) Stromatoporoidea. 

ORDER I. GYMNOBLASTEA 
The Gymnoblastea have no hydrothecae into which the 
poly ps calTre faacfrrgdn^ • 

WelTknown KvTn^brms^^ 
and Hydractinia. The last has been found fossil in Eoc9ne 
and later deposits; it forms a crust over the shells of gas- 
teropoda, especially those tenanted by Hermit-crabs. The 
hard part of this crust is chitinous, or rarely calcareous and 
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consists of laminae separated by irregular or cubical spaces 
and crossed by vertical pillars; on the surface are projecting 
spines. The soft parts form a layer over this skeleton, and 
consist of a sheet of ectoderm on the surface, and another 
sheet next the skeleton; between these are branching and 
anastomosing ccenosarcal tubes. The skeleton is secreted 
by the lower ectoderm. From the coenosarc arise the polyps, 
which are placed on long vertical stalks and are of four 
kinds, (1) gastrozooids — the ordinary nutritive individuals, 
(2) blastostyles, which are individuals specially modified for 
bearing medusae, (3) dactylozooids — individuals modified 
for catching prey and having short knob -like tentacles 
crowded with nematocysts, (4) tentacular polyps, which are 
very slender, without a mouth, and occur near the edge of 
the colony. 

Parkeria, which is found in the Cambridge Greensand, 
probably belongs to this Order. A few other forms have 
been described from the Alpine Trias and the Jurassic of 
southern Europe. 

ORDER II. CALYPTOBLASTEA 

This Order is distinguished by the presence of hydrothecae 
into which the ^poIyps~cah completely retractTar^^byThe 
possession ^^gQ^^^^LigO^oUiecsd). (Fig7T3, 7, 10.) 

The arrangement of the polyps and hydrothecae on the 
hydrocaulus varies considerably in different genera. Some- 
times they are placed on stalks as in Obelia (fig. 13) and 
Campanularia; in many others they are sessile. They may 
be in rows or placed in various positions on the hydrocaulus. 
In Plumularia, Aglaophenia, etc., they form a single row; 
in Sertularia, etc., there are two rows placed on opposite 
sides of the branches. Sometimes the hydrothecae are close 
together, but more usually they/are separated. 
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Fig. 13. Part of a branch of Obelia. Enlarged. To the left a portion is 
shown in section. (After Parker and Haswell.) 1, ectoderm; 2, endoderm; 
3, mouth; 4, ccelenteron; 5, coenosarc; 6, perisarc; 7, hydrotheca; 8, blasto- 
style, a mouthless polyp bearing medusa-buds; 9, medusa-bud; 10, 
gonangium or gonotheca. 
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In the Plumulariidse there are, in addition to the ordinary 
polyps, others which are solid and tentacle-like; they are 
usually provided with nematocysts and are called nemato- 
phores ; each one is placed in a hydrotheca. 

Although the Calyptoblastea possess a well-developed 
chitinous skeleton they are rarely found fossil. Archceolafcea 
and Archceocryptolaria from the Cambrian of Victoria, and 
Mastigograptus from the Ordovician of New York appear 
to belong to this group. One form has been found in the 
Pleistocene. 

ORDER III. GRAPTOLITHINA 

SUB-ORDER 1. ORAPTOLITOIDEA 

The graptolites are found only in the Lower Palaeozoic rocks, 
where, owing to their ab undance and to the lim ite d range i n 
time of both genera arid species, combined with their wide 
geographical distribution, they are of greats importance to 
the stratigraphical geologist. They occur inost commonly in 
argillaceous rocks, especially in black carbonaceous shales, 
whilst they are relatively rare in sandstones and limestones. 
The graptolites were compound animals, and the soft parts 
were protected by a skeleton of chitiiy which shows a general 
resemblance to that found in the Calyptoblastea, e.g. Sertu- 
laria and Plumularia. But the original material of the 
skeleton is seldom preserved unaltered ; in some cases it has 
been replaced by iron pyrites, but usually it has become 
carbonised. 

The entire ske leton of the graptolite is termed the rhabdo- 
some or polypary\~\MsTm. an unbranched form like~I16no- 
gfaptus cons!3s~oF a row of small cells known as hydrothecce 
(fig. 14, hy). Each hydrotheca is hollow and opens on the 
one hand into an internal space (the common canal, fig. 14. cc) 
and on the other to the exterior (ap); the latter aperture 
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known as the mouth of the hydrotheca, is frequently circular, 
but sometimes quadrangular, or more or less constricted 
by apertural outgrowths. Embedded in the wall or periderm 
on the side opposite to the row of hydrothecse is a chitinous 
thread or rod, termed the virgula (fig. 14, v). In some species 
of Monograptus the virgula projects beyond the distal 1 end 
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Fig. 14. Enlarged figures to show the structure of graptolites. A, B, C, 
Monograptus. D, Diplograptus. ap, aperture of hydrotheca; cc, common 
canal; hy, hydrotheca; is, interthecalBeptum; a, sicula; se, median septum; 
v, virgula. 

of the common canal. At the proximal end of the rhabdo- 
some there is a small conical body, termed the sicula 
(fig. 14, s), which will be described more fully below (p. 64). 
The soft parts of the graptolites are unknown, but from 
comparison with living hydroids, which have a similar 
skeleton, we may consider it probable that each hydrotheca 
lodged an individual polyp, and that these were connected 
by means of the coenosarc in the common canal. 

1 The proximal end is that next the sicula and is the part which is 
formed first; the distal end is furthest from the sicula and is formed last. 
The side of the graptolite on which the hydf othecse occur is spoken of as 
the ventral, and the opposite side as the dorsal. 
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In the form just described (Monograptus) the rhabdosome 
is always simple, but in many genera it consists of two or 
more branches or stipes. When there are several radiating 
branches their proximal parts are sometimes enclosed in a 
horny sheath, termed the central disc, as in some species 
of Tetragraptus (fig. 15) and Dichograptus. In those genera 




Fig. 15. Fig. 16. 

Fig. 15. Tetragraptus headi, Arenig Rocks, a, central disc, x J. 

Fig. 16. Climacograptu8 parvus, Ordovician. With vesicle at end of 
virgula. (After Ruedemann.) x J. 



which have two branches (fig. 19), the angle between the 
two is termed the angle of divergence ; it is measured from the 
hydrothecal side of each branch. In some graptolites (e.g. 
Monograptus, fig. 14 A — C) there is only a single row of 
hydrothecae, such forms are said to be uniserial; others 
(e.g. Diplograptus, fig. 14 D) possess two rows on opposite 
sides of the rhabdosome — these are the hiserial forms, and 
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they may have a single common canal as in Retiolites, or 
there may be two canals separated by a septum (fig. 14 
D, se), as in Climacograptus : in many forms of Diplograptus 
there is only one common canal, but others possess an incom- 
plete septum which, to some extent, divides the canal into 
two parts. In Dicranograptus the proximal part of the 
rhabdosome is biserial, whilst the distal part consists of two 
uniserial branches. In Dimorphograptus, on the other hand, 
the proximal part is uniserial and the distal part biserial; 
this genus therefore* serves to connect the biserial Diplo- 
graptus with the uniserial Monograptus. 

The hydrothecae vary considerably in form in different 
genera, and sometimes even in different species of the same 
genus; but in any one species, with the exception of a few 
of the earlier hydrothecae, they are usually similar in form, 
but diminish in size towards the proximal end of the rhabdo- 
some ; they may resemble the sicula in shape, or they may 
be tubular, prismatic, conical, straight or coiled (Mono- 
graptus lobiferus). They may be in contact throughout their 
entire length (Phyllograptus), at their bases only (Nema- 
graptus), or, in a few cases, entirely separate (Rastrites). 
Frequently they are provided with one or more spines near 
the mouth . In most graptolites the hydrothecae communicate 
freely with the common canal, and in this respect differ from 
living hydroids, in which there is a constriction or an im- 
perfect diaphragm at the base of each hydrotheca, separating 
it from the common canal (fig. 13). 

A microscopic examination of thin sections of Mono- 
graptus shows that the periderm consists of three layers, 
the external and internal layers being much thinner than 
the middle layer. In a few graptolites the middle layer of 
the periderm is more or less extensively perforated and 
may become reticulate : this modification is especially note- 
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worthy in Betiolites, in which the middle layer is reduced to a 
network of fibres (fig. 17), whilst the inner and outer layers are 
very thin and often not preserved. 

In Monograptus the virgula, when 
present, is found in the periderm 
opposite the row of hydro thecae, but 
in the biserial forms it is central (fig. 
14 B), being situated either in the 
middle of the common canal, as in 
some forms of Diplograptus and 
Climacograptus, or in the septum 
separating the two canals, as in 
other forms of these genera ; in such 
biserial forms the virgula is com- 
monly enclosed in a tube-like cover- 
ing. In the earlier uniserial genera 
(Didymograptus, Tetragraptus,, Di- 
chograptus, Leptograptus, Dicello- 
graptus, etc.) the virgula is not 
found in the wall of the common 
canal, but is represented by a thread 
or nema which projects from the 
pointed end of the sicula and com- 
monly ends in a chitinous disc by 
which the graptolite was attached 
(as in fig. 24 A). 

The position of the sicula, in relation to the rest of the 
rhabdosome, varies in different genera, and depends on the 
directions in which the hydro thecae grow from it. In Mono- 
graptus the sicula is situated on the dorsal surface of the 
rhabdosome, the pointed end being directed distally (fig. 14 
C, s). In Diplograptus it has a similar position but is more 
or less completely enclosed between the hydrothecae (fig. 14 
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Fig. 17. Retiolites geinitzi, 
Silurian. A, section across 
rhabdosome. B, proximal end 
of rhabdosome with the outer 
layer removed. Enlarged 
(after Holm), w, x t rods in 
the network formerly re- 
garded as virgul®. 
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D, s). In Didymograptus the two branches of the rhabdo- 
some diverge from the broad end, the pointed end being 
directed proximally (fig. 19 A — C). In Dicellograptus the 
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Fig. 18. Early stages of (A) Monograptus (after Kraft); B, C, opposite 
sides of Diplograptus (after Wiman). Enlarged, a, the early part, and 
b the later formed part of the sicula; c, spine; d % virgula; 1-5, hydro- 
thecee in order of their development. 

sicula has a similar position, but the apex projects like a 
spine between the two branches (fig. 19 E). 

The appearance of even the same species of graptolite 
varies considerably according to its mode of preservation. 
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Frequently it is flattened to a film, and when this is the 
case we may get a side view, a front view showing the 
mouths of the hydrothecse, or a back view; in the two 
latter cases the margins will be parallel. But when the 
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Fig. 19. A, Didymograptu8 bifidus; B,"\ D. minutus; C, D. gi\>btrvlu8\ 
D, Leptograptus flaccidus; E, Dicettograptus geniculate ; F, Diplograptus 
teretiusculud. A — C, Lower Ordovician; D — F, Middle Ordovician. All 
enlarged. Proximal ends showing the order and mode of development 
of the early hydrothec®. c 1, c 2, c 3, first, second and third crossing 
canals; a, sicula. 1-5, hydrothecse in the order of their development. 

interior has been filled in with iron pyrites, or when the 
graptolite is preserved in a limestone, the natural form of 
the polypary is often retained. ^* 

No medusoid form is known in the graptolites; but sac- 
like bodies, which may be gonangia, are sometimes present. 
In a few biserial graptolites such bodies have been found 
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attached to the polypary ; they are not joined to the hydro- 
thecae, but come off at right angles to them along the middle 
line of the sides of the polypary, but since no siculae have 
been found in or near these sacs their nature and function 
must be regarded as uncertain. In other cases, however, 
sacs or vesicles containing siculae have been seen near the 
distal extremity of the virgula (fig. 21), and it is probable 
that these are of the nature of gonangia (fig. 13, 10). 

The earliest stage in the development of the graptolite 
at present known is the sicula (figs. 18 A, 20 A); this 
probably arises within the sac-like bodies mentioned above. 
The sicula is usually more or less clearly exposed at the 
proximal end of the rhabdosome (figs. 14 C, 19, s); it is a 
hollow cone (fig. 18 A) open at the base, and consists of 
two parts — the pointed or apical end with a thin wall (a), 
and the broader or apertural part with a thick wall marked 
with lines of growth (6). The pointed part was probably 
the covering of the embryo, and the broad part a later 
growth. The apical end of the sicula is prolonged as a 
thread forming the virgula (d). A spine-like projection (c) is 
sometimes found at the apertural end of the sicula, but has 
no connection with the virgula. In the development of 
Didymograptus (fig. 19 A — C) a bud is formed on one side 
of the sicula and from this arise (1) the first hydrotheca 
(fig. 19 A, l) and (2) a tubular body known as the crossing- 
canal (c); the latter grows across the sicula and gives rise 
to the second hydrotheca (2) which is on the side opposite 
to the first hydrotheca. From each of these two hydrotheca© 
a stipe or branch is developed, owing to the fact that each 
hydrotheca gives rise by budding to another hydrotheca and 
in this way two continuous linear series are formed. More com- 
plex branching (as in Tetragraptus, Dichograptus) is produced 
when one hydrotheca buds off two hydrothecae instead of one. 
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In later genera, the first-formed hydrothecae gradually 
acquire an alternating mode of origin. Thus, for example, 
in Didymograptus gibberulus the first hydrotheca of the 
second branch (2) (fig. 19 C) is derived, by the crossing 
canal (cl), from the first hydrotheca of the first branch (l), 
but the second hydrotheca (3) of the first branch is derived 
by a second crossing canal (c2) from the first hydrotheca 
of the second branch, and only after these three hydro thecae 
have been produced do the branches become independent. 
In Dicellograptus (fig. 19 E) there are formed in this manner 
three crossing canals (cl, c2, c3), and the hydro thecae 
(1,2,3,4) are alternating in their origin. In Diplograptus 
the development may be similar to that of Dicellograptus, 
but the crossing canals are reduced in size and the hydro- 
thecae grow up the virgula. In other species of Diplograptus 
the alternate development of the hydrothecae may continue 
throughout (as in figs. 19 F, 20), and in such forms there is 
no median septum. In Monograptus (fig. 18 A, l, 2) the hydro- 
thecae grow directly upwards and produce only a single series. 

Whilst each rhabdosome consists of a colony of individual 
polyps there is evidence which seems to indicate that in 
some biserial graptolites a number of rhabdosomes were 
grouped together to form larger colonies. Thus Ruedemann 
has described specimens of Diplograptus foliaceus (fig. 21), 
from the Utica Slate (Ordovician) of New York, which 
consist of a number of individuals radiating from a centre 
where they unite by the distal prolongations of their virgulae ; 
at the point of union there is a small, nearly square, chitinous 
sheath which is similar in appearance to the central disc 
of Tetragraptus; below this is a larger quadrate body, 
apparently vesicular, which may have been either a float 
(pneumatocyst) or an organ of fixation. Around the small 
disc are from four to eight globular vesicles, which Ruede- 



66 



HYDROZOA 



mann considers to be gonangia, since they contain siculse; 
the siculse sometimes pass out and develop into fresh colonies, 
but in other cases they remain attached to the parent, and, 
by the growth of the virgula, extend outwards, and sub- 




Fig. 20. Climacograptus typicalis, Upper Ordovician, showing the suc- 
cessive stages of growth (A to H). x7. (After Bulman.) a, the early 
part and 6, the later part of the sicula; c, spine from sicula; d, virgula. 
1-7, hydrothecse in the order of their formation. 

sequently hydrothecae arise in the usual way. In some other 
species of Diplograptus (D. vesiculosus, etc.) and in Climaco- 
graptus (fig. 16) a single vesicle is sometimes found at the 
distal end of the virgula. A vesicle may also occur at the 
proximal end of the polypary, but its function is unknown. 
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Owing to the fact that the soft parts of the graptolites 
are entirely unknown it is difficult to speak of their affinities 
with any degree of certainty. It seems probable, however, 
that they belong to the Hydrozoa; Allman and others con- 
sider them to be related to the Calyptoblastea, especially 
to such forms as Sertularia and Plumularia, with which 
they agree in the general characters of the hydrothocae and 
perhaps also in the possession of gonangia. But they differ 




Fig. 21. Diplograptus foliaceus, from the Qtica Slate, New York. 
x f . (After Ruedemann.) 

in some important respects from the Calyptoblastea, e.g. in 
possessing a virgula and sicula, in the diminution in size 
of the hydrothecse towards the proximal end of the rhabdo- 
some, in the hydrothecse being nearly always in contact, 
and in the free communication which exists in most cases 
between the hydrothecse at their bases; their development 
is also different — in the graptolites each hydrotheca is 
budded off from another hydrotheca, but in the Calypto- 
blastea the new polyps are budded off from the ccenosarc. 
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Further, the graptolites never form the much-branched tree- 
like colonies which occur so commonly in recent hydroids, 
and the graptolites are never firmly fixed by any root-like 
structure corresponding to the hydrorhiza. On the other 
hand the dendroid graptolites (p. 74), to which the true 
graptolites appear to be closely related, do form much- 
branched colonies with, in some cases, a root-like hydro- 
rhiza. 

Since the graptolites do not possess any root-like structure 
(hydrorhiza) such as is found in many living hydroids it is 
not likely they were sessile animals living on the sea-floor; 
further, if that had been their mode of life some specimens 
would almost certainly be found in a vertical position 
crossing the planes of lamination, but that is not the case, 
for the g raptolites are found lying flat on the lamination 
planes as if they had sunk slowly to the bottom Jn guiet 
water. The remarkably wide geograpEicaT distribution of 
the species can only be accounted for if the graptolites 
lived attached to floating sea-weeds or were free-swimming 
animals. There is evidence to show that many graptolites 
were fixed to some foreign object by means of the thread 
which comes off from the point of the sicula and ends in a 
chitinous disc ; it is possible that some of the later biserial 
graptolites were free-swimming animals, since the vesicle 
found at the centre of the radiating colonies (fig. 21) and 
at the distal end of the single stipes (fig. 16) may have 
served as a float; also the perforate or reticulate structure 
of the wall of some biserial forms (fig. 17) appears to be an 
adaptation for a floating mode of life. The m uch greater 
abund ance of graptolite s in t hin, fine -grained, carbonaceous 
shales than in thicker and coarser deposits, suggests that 
the graptolite^liv^dlmilnly at some distance from the shore 
wheres^dimenTwais deposited slowly in tranquil water; and 



GRAPTOLITOIDEA 69 

the carbonaceous matter in those shales may have been 
derivecTirom the decomposition of sea- weeds. 

The genera of graptolites at present accepted are based, 
to a large extent, on the number of branches of the rhabdo- 
some; but it is now considered that this feature is of less 
importance than was formerly supposed, and that a classi- 
fication which shows the genealogical relationships of the 
forms should be founded chiefly on the characters of the 
hydro thecae and, to some extent, on the angle of divergence 
of the branches. The early graptolites, such as Bryograptus, 
appear, at first sight, to be more advanced than the later 
types (e.g. Monograptus), on account of their more complex 
branching; but in the early forms the hydro thecae are very 
simple, differing but little from the sicula, whereas in the 
later ones they exhibit considerable modification. In some 
genera the hydrothecae of different species show great variety 
of form, those of one species being often much more like 
those of a species belonging to another genus than to other 
species of the same genus: thus we get the same type of 
hydrotheca in the three forms Bryograptus callavei, Tetra- 
graptus hicksi, and Didymograptus affinis, and another type 
in Bryograptus retroflexus, Tetragraptus denticulatus, and 
Didymograptus fasciculatus. It is contended that each of 
these groups is a genealogical series and should be regarded 
as a genus — that T. hicksi has descended from B. callavei, 
and D. affinis from T. hicksi. According to the old view all 
the species of Didymograptus were thought to have descended 
from one common ancestor, but this will not account for 
the close resemblance which the hydrothecse of certain species 
of Didymograptus bear to those of certain species of Tetra- 
graptus ; on the other hand, this is readily explained if we 
consider that the species of Didymograptus have descended 
from various species of Tetragraptus. Then again, the re- 
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markable diversity in the hydrothecae of Monograptus can 
be easily understood if we grant that the forms included 
under this term are the descendants of different species of 
one or more genera. But since species which have a different 
ancestry cannot be placed in the same genus, we must regaid 
Monograptus as an assemblage of forms which agree merely 
in consisting of a single uniserial branch or stipe, and have 
descended, through Dimorphograptus, from various groups 
of Diplograptus and perhaps of Climacograptus. 

-^Didymograptus (fig. 19 A — C). Rhabdosome bilaterally 
symmetrical, consisting of two uniserial stipes diverging at an 
angle which varies, in different species, from 0° to 180° (or 
occasionally more ). Hydrothecae sub-cylindrical, in contact for 
a considerable part of their length. Lower Arenig to Upper 
Llandeilo. Ex. D. murchisoni, Lower Llandeilo; D. patulus, 
H. extensus, Arenig. 

J Phyllograptus (fig. 22). Rhabdosome leaf -like, consisting 
of four uniserial stipes united along the whole of their length. 
Hydrothecae cylindrical or sub-cylindrical, in contact throughout 
their entire length. Sicula pointing distall y. Arenig. Ex. P. typus. 
'" Tetragraptus (figs. 15, 23). Rhabdosome bilaterally sym- 
metrical, uniserial, consisting of four simple radiating branches 
which arise from the bifurcation of two short branches coming 
off from opposite sides of the sicula (constituting a Didymo- 
graptus stage). Hydrothecae cylindrical or sub -cylindrical, in 
contact for a considerable part of their length. A central disc 
may or may not be present. Arenig. Ex. T. quadribrachiatus. 

Dichograptus. Rhabdosome typically bilaterally sym- 
metrical, consisting of eight uniserial main stipes produced by 
bifurcation through Didymograptus and Tetragraptus stages. 
Hydrothecae cylindrical or sub -cylindrical. A central disc is 
frequently present. Lower Arenig. Ex. D. octobrachiatus. 

LoganograptU8 (Arenig) and Clonograptus (Tremadoc and 
Arenig) are forms in which bifurcation has proceeded further 
than in Dichograptus. 

Bryograptus. Bilaterally sub -symmetrical, uniserial, con- 
sisting of two main stipes diverging at a small angle from the 
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sicula, which has its point directed distally. From the inner 
margins of the main stipes similar secondary stipes (which may 
bear other stipes) arise. Hydro thecae like those of Dichograptus. 
Thecae of smaller size than hydrothecae, known as bithecce, are 
present in some species, and are also found in Clonograptus. 
Tremadoc. Ex. B. kjerulfi. 

Leptograptus (fig. 19 D). Rhabdosome consisting of two 
simple, slender, flexuous, uniserial stipes given off in opposite 
directions from the sicula at angles greater than 180°. Hydro- 
thecae are long tubes with slight sigmoid curvature, in contact 
for about half their length. Upper Llandeilo to Lower Bala. 
Ex. L. flaccidud. Lower Bala. 





Fig. 22. Fig. 23. 

Fig. 22. Phyllograptus, Arenig Rocks. The graptolite has been cut in two, 
and the upper part raised so as to show the four branches. Natural size. 

Fig. 23. Tetragraptus Bigsbyi, Lower Ordovician. Early part of the 
rhabdosome showing four branches; c, crossing canal; 8, sicula. (After 
Holm.) x4. 

Pleurograptus. Two principal branches as in Leptograptus; 
these bear secondary branches on both sides, often arising 
alternately, and sometimes bearing smaller branches. Lower 
Bala. Ex. P. linearis. 

Nemagraptus ( = Ccenograptus). Bilaterally symmetrical, 
uniserial, consisting of two slender, more or less flexuous main 
stipes coming off from the middle of a well-defined sicula; from 
each of these stipes secondary branches may be given off in a 
symmetrical or nearly symmetrical manner. Hydrothecae as in 
Leptograptus. Llandeilo. Ex. N. gracilis, 

Dicranograptus. Bilaterally symmetrical, biserial in the 
proximal portion, dividing distally into two uniserial branches. 
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Hydrothecae tubular, with sigmoid curvature and in turned 
apertures. Upper Llandeilo to Lower Baia. Ex. D. ctingani, 
Bala. 

Dicellograptus (fig. 19 E). Like Dicranograptus, uniserial, 
the two branches united at the sicula only, which points 
distally. Angle of divergence greater than 180°. Hydrothecae 
usually with strongly sigmoid curvature. Upper Arenig to 
Upper Bala. Ex. D. anceps, Upper Bala. 

Diplograptus (figs. 14 D, 18, 19, 21). Rhabdosome biserial. 
Hydrothecae subprismatic or sub-cylindrical tubes, overlapping 
and placed obliquely. Virgula prolonged beyond the distal 
extremity of the rhabdosome. Sicula more or less completely 
concealed. Arenig to Tarannon. Ex. D. foliaceus, Llandeilo to 
Lower Bala. Petalograptus and Cephalograptus are sub -genera; 
Llandovery and Tarannon. 

Climacograptus (figs. 16, 20). Biserial. Hydrothecae tubu- 
lar, with sharp sigmoid curvature, apertures placed in depres- 
sions. Sicula often concealed. Upper Arenig to Tarannon. 
Ex. C. normalis, Llandovery and Tarannon. 

Retiolites (fig. 17). Biserial, straight. Hydrothecae like those 
of Diplograptus. Periderm consists mainly of a network of 
threads and rods. Lower Bala to Lower Ludlow. Ex. R. geinit- 
zianus, Upper Tarannon and Wenlock. 

Dimorphograptus (see p. 60). Llandovery. 

Monograptus (figs. 14, A — C, 18 A). Rhabdosome un- 
branched, uniserial; straight, curved, or spiral. Hydrothecae 
very variable in form in different species. Sicula situated at the 
proximal end of the rhabdosome, and its pointed end directed 
distally. Lower Llandovery to Lower Ludlow. Ex. M . nilssoni, 
Lower Ludlow; M. leptotheca, Llandovery; M. priodon, Wen- 
lock; M. 8pinigerti8, Llandovery. 

Rastrites. Closely allied to Monograptus, but the hydro- 
thecae are long, tubular, and widely separated. Llandovery to 
Tarannon. Ex. R. peregrinus, Llandovery to Tarannon. 

Cyrtograptus. Similar to Monograptus, but coiled into a 
plane spiral with branches given off from the external (hydro - 
thecal) margin. Upper Tarannon to Wenlock. Ex. C. murchi- 
8oni, Wenlock Shale. 
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Distribution of the Graptolitoidea ^ 

Cambrian. In jSritain the earliest graptolites occur in 
the Tremadoc Beds, where we find the branching forms 
Bryograptus and Clonograptus. 

Ordovician. The graptolites in the Arenig division are 
mainly uniserial forms without a virgula in the wall of the 
common canal and are often branched. The most charac- 
teristic genera are Didymograptus, Tetragraptus, Dicho- 
graptus, and Phyllograptus ; Clonograptus survives from 
the Cambrian into the lower part of the Arenig. In the 
Llandeilo Didymograptus is still found and is fairly common 
in the lower part of the formation ; other important genera 
in the Llandeilo are Dicellograptus, the biserial Diplo- 
graptus and Climacograptus, and Nemagraptus and Dicra- 
nograptus which now appear for the first time. In the Bala 
Beds, the biserial genera Diplograptus, Climacograptus and 
Dicranograptus become much more abundant, and with 
them occur Leptograptus and Pleurograptus. 

Silurian. The only genera which pass up from the Ordo- 
vician to the Silurian are Climacograptus, Diplograptus, and 
Retiolites, and nearly all the species in the two systems are 
different, so that between the Ordovician and Silurian there 
is a great break in the graptolitic succession. As a whole, 
the Silurian f ormations, are characterised by the uniseria l 
genera Monogra^plus, Buslritex and Cyrtograptus, which ap- 
pear first in the Lower Silurian. In the lower part of the 
Llandovery the genera Diplograptus and Climacograptus are 
fairly abundant, but they become extinct in the Tarannon, 
and in the Wenlock and Ludlow Beds the only forms are 
Monograptus, Cyrtograptus, and Retiolites. The last traces 
of graptolites occur in the Downtonian Beds, but they are 
too imperfect for determination. 
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SUB-ORDER 2. DENDROIDEA 

In the Palaeozoic formations there are organisms, usually 
termed 'dendroid graptolites', which present considerable 
resemblance to the Calyptoblastic hydroids, but they are 
closely related to the Graptolitoidea, which were probably 





Fig. 24. Dictyonema flabettiforme, Upper Cambrian. (After Ruedemann.) 
A, young form with thread and disc for attachment, x 3. B, complete 
colony, x J. 

derived from them through the genera Clonograptus and 
Bryograptus. The best known forms are Dendrograptus, Ptilo- 
graptus, Dictyonema (fig. 24), and Callograptus . These are 
usually much branched and tree-like, and some are fixed 
by a root-like structure, others by a thread or nema coming 
off from the point of the sicula (fig. 24 A). Transverse 
sections of Dictyonema and Dendrograptus show that the 
branches are composed of two or three different types of 
individuals, somewhat resembling in this respect the recent 
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Calyptoblastean forms Clathrozoon and Grammaria. Those 
genera which possess a sicula and were suspended by a 
thread coming off from its pointed end appear to be closely 
related to the true graptolites; this relationship is more 
marked in the early species of Dictyonema than in the later. 
Dictyonema ( = Dictyograptus) (fig. 24) is found in the 
Cambrian, Ordovician and Silurian, and in the Devonian of 
North America, and has a funnel-shaped skeleton which con- 
sists of numerous radiating branches, placed nearly parallel 
with one another, and united by transverse bars. A sicula 
is present, but in later forms the nema is replaced by a 
root-like structure and the colony probably grew erect from 
the substratum . Of other dendroid graptolites Dendrograptus 
occurs in the Upper Cambrian and Ordovician, Callograptus 
ranges from Arenig to Carboniferous, and Ptilograptus from 
the Arenig to the Ludlow Beds. 

ORDER IV. HYDROCORALLINA 

The skeleton in the Hydrocorallina is calcareous and has 
the form of encrusting or branching masses. It consists of 
a network of rods, in which there are tubes of two sizes 
opening on the surface; the larger are called gastropores, 
and have horizontal partitions or tabulae; the smaller are 
named dactylopores. The skeleton is of ectodermal origin, 
and is perforated by a network of ccenosarcal tubes, above 
which is a superficial layer of ectoderm. The polyps project 
above this layer, and are of two kinds : nutritive individuals 
or gastrozooids, which are placed in the gastropores, and 
dactylozooids placed in the dactylopores. The soft parts in 
the branching forms may extend throughout the skeleton, but 
in the massive forms they are limited to the superficial layers. 
Millepora is an important rock-building organism at the 
present day, often contributing largely to the formation of 
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coral reefs; it has been recorded from Cainozoic deposits, 
but whether these examples really belong to that genus 
appears to be somewhat doubtful. Stylaster is a living form, 
and is stated to occur in the Miocene. Milleporidium from 
the Upper Jurassic of Stramberg and Millestroma from the 
Upper Cretaceous of Egypt may belong to this Order. 

ORDER V. STROMATOPOROIDEA 

In the Stromatoporoids the skeleton is calcareous, and very 
variable in form ; it may be hemispherical, spheroidal, den- 
droid, encrusting, or altogether irregular, and frequently 
forms large masses. It consists of a series of concentric 
laminae separated by spaces; these are crossed at right 
angles by rods or pillars, which give off horizontal processes 
at definite intervals; these processes join together and really 
form the laminae which are perforated by openings of various 
sizes. The pillars may pass only from one lamina to the next, 
or may be continued through a considerable number of 
laminae. The under surface of the skeleton is often covered 
by a thin imperforate layer, with concentric furrows, similar 
to the epitheca of many compound corals. On the upper 
surfaces of the laminae there are, in many forms, shallow 
grooves, having a stellate arrangement, and known as 
astrorhizce ; these have been compared with the coenosarcal 
grooves of Hydr actinia and Millepora. In some genera, as 
for example Actinostroma (fig. 25), the two elements of the 
skeleton, the laminae and pillars, remain quite distinct, but 
in others, like Stromatopora, they become to a great extent 
blended together so as to form a more or less netted struc- 
ture; between these two types, however, there are inter- 
mediate forms. The first type (Actinostroma) has been 
compared with Hydractinia (see p. 54), but is always cal- 
careous and forms larger masses ; the second (Stromatopora) 
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shows some resemblance to Millepora (see p. 75), and, like 
that genus, possesses vertical tubes with horizontal parti- 
tions (or 'tabulae'), but the tubes seem to be of one size 
only, and consequently there is nothing to indicate that this 
type was dimorphic ; it differs also in possessing radial pillars. 




Fig. 25. A, tangential section of Actinostroma intertextum showing the 
radial pillars. B, vertical section showing the radial pillars and the 
formation of the concentric laminae by processes given off from these, 
x 12. C and D, parts of A and B further enlarged. From the Silurian 
Rocks. (After Nicholson.) 

From the structure of the skeleton, it has been inferred 
that the Stromatoporoids are Hydrozoa connected with both 
Hydractinia and the Hydrocorallina. According to this view 
the soft parts in the Stromatoporoids formed a continuous 
layer on the surface of the skeleton, and it is believed by 
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some authors that the polyps in some cases (e.g. Stromato- 
pora) were placed in definite tubes, but in others tubes are 
absent and there are pores only in the external lamina. 
Another view of the systematic position of some of the 
Stromatoporoidea is that they are Foraminifera. This 
has been supported by a comparison of the structure of 
Actinostroma and Stromatopora with Gypsina, a foraminifer 
which is common in the tropical and sub-tropical regions ; 
it is of encrusting habit, growing attached to corals or other 
objects, and often forms irregular spreading masses of large 
size. 

The Stromatoporoids are found mainly in the Ordovician, 
Silurian, Devonian, and Carboniferous Systems, being most 
abundant in the Devonian ; frequently they are of con- 
siderable importance as ro ck- builders ; some of the best 
known genera are Labechia, Stromatopora, Stromatoporella, 
Actinostroma, Claihrodictyon, Idiostroma, and Amphipora. 
Stromatoporoids are uncommon in the Mesozoic, but a 
number of examples have been found in Triassic, Jurassic 
and Cretaceous formations. 

CLASS II. SCYPHOZOA 

The Scyphozoa (Scyphomedusae) or Acalephse include the 
larger and more conspicuous jelly-fishes, such as Aurelia, 
Rhizostoma, and Pelagia. They possess no hard parts; never- 
theless their impressions have been found in various forma- 
tions. One of the best preserved is Rhizostomites, belonging 
to the Order Discomedusse, from the Lithographic Lime- 
stone (Upper Jurassic) of Solenhofen in Bavaria. 

Even in the oldest fossiliferous formations traces of sup- 
posed Scyphozoa have been found; the most satisfactory 
of these is Medusina from the Lower Cambrian of Sweden, 
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referred to the Discomedusae, and from the Silurian of 
Thuringia. Palceonectris is found in the Devonian. Others, 
but of which the nature is doubtful, have been described 
by Walcott from the Middle Cambrian of Alabama and 
British Columbia. 



CLASS III. ANTHOZOA (ACTINOZOA) 

This C lass includes the corals and sea-anemones. They 
differ from ~the Hydrozoa {TlTm posseSing~an oesophageal 
tube of stomodceum, whic h is distin ct from the ccelenteron, 
though opening into it; (2) in ha vingTHe~coelenteron divided 
up into chambers by vertical radiating partitions known 
as mesenteries; (3) in the reproductive elements being 
developed in the endoderm of the mesenteries and never 
on a medusa. 

The Anthozoa ^possess an apparent radial symmetry, but 
closer examination re ve^s~a~blIateraT arrangement of their 
parts. In a typical form, such as the common sea-anemone 
or a simple coral (fig. 26), the body has a more or less 
cylindrical shape, and is attached by one end, the other 
having an opening, the mouth (fig. 26, 2), surrounded by 
tentacles (l). The mouth leads into the stomodceum (3), 
which opens at its lower end into the ccelenteron. The 
latter is divided into chambers by radiating partitions, the 
mesenteries (fig. 26,4, and fig. 27, a — c), each of which 
consists of a thin gelatinous layer in the middle and a layer 
of endoderm on each side. In the upper part of the polyp 
the inner edges of the principal mesenteries join the sto- 
modaeum, but in the lower part they remain free, and a 
section in the former region (fig. 27) will show the body 
wall and also the stomodaeum, but in the latter the body 
wall only. The tentacles (fig. 26, l) are placed immediately 
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above the intermesenteric chambers, and the space in each 
tentacle is continuous with that of the chamber below. 
A bilateral symmetry is indicated by the oval or slit-like 
mouth, and the similarly compressed stomodaeum; also by 
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Fig. 26. Semi-diagrammatic view of half a simple Coral. (Partly after 
Bourne.) On the right aide the tissues are represented as transparent 
to show the arrangoment of the theca and septa; on the left a mesentery 
is seen. 1, tentacle; 2, mouth; 3, stomodaeum; 4, mesentery; 5, mesenteric 
filaments, free edge of mesentery; 6, ectoderm; 7, endoderm; 8, basal 
plate of skeleton; 9, outer wall ('theca'); 10, columella; 11, septum. 



the arrangement of the longitudinal muscles which occur 
on one face of each mesentery, extending from the base of 
the polyp upwards (fig. 27). The sea-anemones have no 
hard parts, but the majority of Anthozoa possess a skeleton, 
which in many cases is quite external to the body, and is 
formed of carbonate of lime (fig. 26, 8, 9) ; in others it is 
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internal and_m ay con sist of calcareous spicules, or of an 
axial rod of horny or calcareous material. The Anthozoa 
are divided into two Orders, (1) the Zoantharia, (2) the 
Alcyonaria. 

ORDER I. ZOANTHARIA 

In the Zoantharia the tentacles are generally numerous and 

are never eight in number, as is the case in the Alcyonaria ; 

occasionally there are six only, but H 

frequently a multiple of six, and 

they usually form several circles 

around the mouth. The tentacles 

are nearly always simple (fig. 26,1). 

The mesenteries (fig. 27, a, 6, c) are 

usually numerous also and form 

several cycles ; those belonging to 

the primary cycle are formed first 

and reach to the stomodaeum ; the 

other cycles (secondary, tertiary, 

etc.) are successively smaller. The 

mesenteries are arranged in couples 

(fig. 27) with the longitudinal 

muscles of each couple facing one 

another, except in the case of the 

couples situated at the grooved 

ends of the stomodaeum, where the 

muscles are turned away from each other (d, e). Commonly 

there are six couples of primary mesenteries, six of secondary, 

twelve of tertiary, and so on. The narrow space between the 

two mesenteries of a couple is known as an entocosle ; the wider 

space between two mesenteries of adjacent couples is known 

as an exocode. A skeleton is often present in the Zoantharia 

and may be calcareous or horny ; when calcareous it is never 

composed of spicules but consists of aragonite fibres. 



Fig. 27. Diagrammatic section 
of a Zoantharian polyp passing 
through the stomodaeum. a, pri- 
mary mesenteries ; b, secondary 
mesenteries ; c tertiary mesen- 
teries; d, e, primary mesenteries 
at the ends of the compressed 
stomodaeum. The muscles are 
indicated by the thickenings on 
the mesenteries. 
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The Zoantharia comprise, (1) the sea-anemones, which 
have usually been grouped together as the Actinaria, and 
are unknown in the fossil state, since they possess no hard 
parts; (2) the Antipatharia — colonial forms in which the 
skeleton consists of an internal horny rod secreted by the 
ectoderm; these also are not found fossil; (3) the Madre- 
poraria, including the well-known stony corals, which are 
very abundant as fossils. 

MADREPORARIA 

The polyp of a Madreporarian coral has essentially the same 
structure as a common sea-anemone, but the ectoderm of 
the lower part of the body secretes a skeleton consisting 
of carbonate of lime (fig. 26, 8, 9). The entire skeleton is 
spoken of as the corallum, and in compound corals the 
skeleton of each individual is termed a corallite. The parts 
of the skeleton may be solid, or they may be perforated, 
or formed of a network of rods. 

In a typical simple coral (fig. 29) the skeleton has a more 
or less conical form ; the base of the cone, on which the polyp 
is placed, is usually depressed, and is termed the calyx. The 
corallum is bounded by an outer wall (fig. 26, 9; fig. 28, d), 
and sometimes there is, outside this, another calcareous 
layer, the epitheca (p. 85). The whole space enclosed by the 
outer wall is termed the visceral chamber; it is divided up 
by various partitions, the most important of which are the 
septa (fig. 26, n ; fig. 28, b). These are vertical plates ex- 
tending from the margin towards the centre, and alternating 
in position with the mesenteries. The septa are of different 
sizes, some reaching the centre, others being shorter; they 
frequently occur in series or cycles, of which three or more 
may often be distinguished, the largest being the primary 
(b), the others the secondary, tertiary, etc. Each cycle of 
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septa agrees in position with the corresponding cycle of 
mesenteries, e.g. the primary septa are within the entocceles 
of the first cycle of mesenteries. In many corals found in 
the Palaeozoic formations one of the primary septa (the 
cardinal septum) is much smaller than those formed after 
it, and consequently appears, at the surface of the calyx, 
to lie in a pit or cavity, which is called Sbfossula (figs. 45, a; 
40 A, a). Usually only one fossula is present — the cardinal 
fossula, but sometimes others, known as the counter and 




Fig. 28. Fig. 29. 

Fig. 28. Diagrammatic section (horizontal) of a simple coral, a, colu- 
mella; b, primary septa; c, pali; d, outer wall ('theca'); e, dissepiments. 

Fig. 29. Montlivaltia trochoides, Inferior Oolite, showing exsert septa, x £. 

alar fossulce, are found (fig. 40 A, dd, e) (see p. 92). The 
tabulae are depressed where they cross the fossulae. 

When the septa project upwards above the edge of the 
wall they are said to be exsert (fig. 29). The faces of the 
septa are sometimes plane, but usually have ridges, granules, 
or spines. In Heliophyllum and some other Palaeozoic corals 
the septa have narrow shelf-like ridges (carince) which are in- 
clined downwards from the centre of the coral to the margin 
(fig. 39). In some corals the septa are poorly developed, and 
may be represented by ridges only or by rows of spines. 

In the centre of the coral, where the larger septa meet, 
there is often a vertical rod, which extends from the base 
of the chamber to the bottom of the calyx; this is the 

6- 
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columella (figs. 28, a; 42, c). Its structure varies con- 
siderably; when it is solid and ends in a knob or point in 
the calyx, it is said to be styliform; sometimes the top is 
porous or spongy. When the columella is formed by the 
twisting together of processes given off from the inner edges 
of the septa, it is false. In Rugose corals the columella is 
produced by the dilation of either the cardinal or the counter 
septum. Other vertical partitions, somewhat similar to the 
septa, are the pali (fig. 28, c) ; these are radiating plates 
attached to the columella and placed opposite the inner 
edges of some of the shorter septa, but not joining them. 
Bars or rods, known as synapticulce, are often found joining 
one septum to another. Similarly, adjacent septa are often 
connected by thin plates, which may be horizontal or oblique, 
usually curved, and are called dissepiments (figs. 28, e ; 
42, d) ; in some genera they are very abundant near the 
margin of the visceral chamber and form a spongy or 
vesicular tissue (fig. 41, d). Tabulce are more or less hori- 
zontal plates which cross the septa, and occupy the central 
part of the visceral chamber, or, when well developed, extend 
quite across it (figs. 41, t; 40 B); they may be flat, concave 
or convex, and are arranged one above another, so that the 
visceral chamber is divided into horizontal compartments. 
In some genera (e.g. Turbinolia) the septa project outside 
the wall of the coral forming vertical ridges known as costce. 
In one family of Rugose Corals found in the Carboniferous 
there is a large cylindrical column in the centre of the coral 
which projects up into the calyx; it is formed of vertical 
radiating plates, representing the axial parts of the longer 
septa, crossed by transverse plates, representing the central 
parts of the tabulae. Sometimes (fig. 44) the two elements are 
distinct, in other cases they are less regular and form a 
vesicular tissue (fig. 45). 
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The young coral polyp is a free-swimming animal; when 
it becomes fixed the first part of the skeleton to appear is 
a circular plate between the base of the polyp and the 
surface to which it is attached; on the basal plate radial 
ridges — the first traces of the septa — are secreted in folds 
formed in the base of the polyp between each couple of 
primary mesenteries. The wall next appears at the edge 
of the septa, and is formed either by the union of the 
thickened ends of the septa, or as an independent secretion 
between the ends of the septa. At the edge of the basal 
plate an upgrowth may occur forming the epitheca outside 
the wall. For some time the polyp extends down to the 
base of the cup-like skeleton (fig. 26) and a fold hangs 
over the outside (fig. 26, 6, 7) ; but as the septa and wall 
increase in height the lower part of the visceral chamber 
becomes (in most cases) more or less completely cut off by 
the development of dissepiments or tabulae which are 
secreted by the basal part of the polyp, and below which 
the soft parts do not extend. As growth proceeds more of 
these partitions are formed, and eventually a large part of 
the coral ceases to have any direct connexion with the 
polyp. On account of the septa and columella the basal 
wall of a coral polyp, unlike that of a sea -anemone which 
remains flat, becomes greatly infolded; the infolds occur 
between every two mesenteries. The parts of the coral 
skeleton described above are entirely external to the polyp; 
but the synapticulae, on the other hand, perforate the 
mesenteries and the basal wall of the polyp, and are formed 
by the growth and ultimate fusion of two opposite granules 
on the faces of adjacent septa. 

Some corals remain simple (i.e. consist of a single indi- 
vidual) throughout life. Others, which are simple in the 
young state, afterwards become compound and form colonies 
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by giving off buds. In budding, new individuals may arise 
from the part of the polyp below the circle of tentacles 
(fig. 26, 6, 7), in which case a branching coral like Dendro- 
phyllia (fig. 30 A) is frequently formed ; this mode of increase 
is termed lateral budding. In other cases buds arise on the 
upper surface of the polyp, and then the young corallites 
are found inside the calyx of the parent — hence this is 
known as calicular budding (fig. 30 B). In basal budding 




Fig. 30. A. Dendrophyllia nigrescens, showing corallites which have been 
produced by lateral budding, Recent, x £. B. Kodonophyllum truncatum, 
showing calicular budding, Wenlock Limestone. Natural size. C. Clado- 
chonus crassus (seen from above), showing basal budding, Carboniferous 
Limestone. Natural size. 

(fig. 30 C), which is common in the Alcyonaria, the buds 
spring from creeping prolongations or stolons, which are 
given off from the base of the coral. In different corallites 
of some branching corals all stages may be seen in the divi- 
sion of a single corallite into two separate corallites. The 
calyx becomes oval, and then slightly constricted in the 
middle; the constriction increases until two separate coral- 
lites are formed. This division appears to be due to the 
development of a bud on the oral surface of the polyp 
inside the circle of tentacles. 
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When the individual corallites in a compound coral are 
free and diverge from one another, the corallum is termed 
dendroid (fig. 30 A): when they are nearly parallel to one 
another it is fasciculate (fig. 31). If the 
corallites are in contact and, owing to 
growth-pressure, polygonal in outline, 
the corallum is massive-. When in a 
massive coral the corallites are nearly 
parallel to one another the corallum 
becomes basaltiform. In some massive 
corals the boundaries of the corallites 
tend to be indefinite ; such corals are 
termed astrceiform. In the evolution of 
various groups of corals it is commonly 
found that the earliest form of a series 
is simple, and gives rise to a dendroid 
type, which later develops into a mas- 
sive form, and this in turn may become 
astraeiform. 

If the corallites are not in contact the spaces between 
the individual corallites are sometimes filled up with cal- 
careous material formed by the coenosarc, and known as 
coenenchyma. In massive corals (e.g. Acervularia) the base 
of the corallum is sometimes covered by a thin epithecal 
plate — the basal epitheca. 

In dendroid corals the polyps on the different corallites 
may be quite separate from one another; but in massive 
corals, whilst the upper parts of the polyps are more or less 
separate, the lower parts are united and the coelentera of 
adjacent individuals communicate with one another. When 
coenenchyma is present the polyps are united by an exten- 
sion of the part which ordinarily occurs outside the theca, 
and now forms a sheet called the coenosarc. 



Fig. 31. Litho8trotion jun- 
ceum, Carboniferous Lime- 
stone. Portion of a colony 
showing fasciculate form. 
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Microscopic examination of thin sections shows that each 
part of a coral is formed of thin layers or growth-lamellae 
which consist of fine needle-like crystals placed more or 
less perpendicularly to the surfaces of the lamellae. In a 
dissepiment the upper surface only is covered by the soft 
parts, and a section shows (fig. 32) a series of lines parallel 
to the surface and other finer lines crossing at right angles 
are seen — the former mark the growth-lamellae, the latter 
the crystalline fibres. In a septum both sides are covered 
by the soft parts, and a transverse section shows (fig. 33) a 




Fig. 32. Section of a dissepiment of Galaxea. Magnified. 
g, growth-lamellae. (From M. M. Ogilvie.) 

median dark line or row of dark spots, on each side of 
which the structure is symmetrical. When the surface of 
the septum is plane, the lamellae are straight, or nearly 
straight, and parallel with the surface, and the fibres are 
perpendicular; but when the surface is ridged the lamellae 
are curved so as to be parallel with the ridges, and the 
fibres radiate out from the dark median spots toward the 
curved surface of the ridge (fig. 33). When the septa bear 
striae, granules, or spines, in addition to ridges, the folding 
of the lamellae and the radiating arrangement of the fibres 
become more complex; but in all cases the structure is 
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directly related to the form of the surface. The dark lines 
and spots represent the part of the septum which was first 
secreted; their dark appearance may be due either to the 
less regular arrangement of the fibres or to the imperfect 




Fig. 33. Transverse section of part of a septum and theca of Galazea. 
Highly magnified, d, dark spots; g t growth -lamellae; a, granule on 
septum. (From M. M. Ogilvie.) 

calcification of the material of that part. In fossil corals the 
dark part has often undergone secondary changes which 
give it a more distinct appearance. 

In the development of a living Zoantharian coral six 
primary septa are first formed and appear simultaneously, 1 
one septum between each couple of primary mesenteries; 

1 In some corals twelve septa are first developed simultaneously, of 
which six grow more rapidly than the others and become the primary 
septa. 
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next six secondary septa are introduced between the primary 
septa, either simultaneously or in bilateral pairs from the 
dorsal to the ventral border ; other cycles may subsequently 
be added in a somewhat similar manner, not simultaneously, 
but in successive bilateral pairs; in the adult all the septa 
have generally a completely radial arrangement. In the 
Rugose corals of the Palaeozoic period the development 1 
of the septa follows a different course. Instead of the six 
primary septa appearing simultaneously, two septa (fig. 
34 A), one on each side, are first formed and meet in the 
centre of the coral— representing the cardinal (l) and counter 
septa (l') of the adult, on the ventral and dorsal sides 
respectively (fig. 40 A, a, b) ; next, two more septa (fig. 
34 B, 2) appear, one on each side of the cardinal septum, 
and as growth proceeds these become more widely separated 
from the cardinal septum, and eventually form the alar 
septa of the adult (fig. 40, c) ; afterwards, two septa (3) are 
added, one on each side of the counter septum, and these 
also spread outwards as growth proceeds (as indicated by 
the arrows in fig. 34 D). The six septa now present are 
regarded as the primary septa (l, 2, 3). The later septa (some- 
times termed metasepta) are introduced in pairs ; these appear 
at four points — one septum on each side of the cardinal 
septum (l), and one between each alar septum (2) and the 
primary septum (3). The two pairs which are first added 
(fig. 34 E, a) are attached to the cardinal sides of the 
primary septa 2 and 3; similarly later pairs (Rg. 34 F, G, b, c) 
are introduced and are joined to the cardinal sides of the 
previously formed septa. As growth proceeds all the later 
septa (a — c), unlike the primary septa, gradually move 

1 This can be studied by gradually grinding down the tip of a perfect 
specimen. The arrangement of the septa in Rugose corals can also be seen 
either on the surface of the wall or by removing the thcca. 
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towards the counter septum, as indicated by the arrows 
in fig. 34 G. 

In the adults of some Rugose corals (fig. 40 A) the arrange- 
ment of the septa is similar to that just described, so that 
on each side of the cardinal fossula and on the counter side 
of each alar septum the later septa (metasepta) have a 
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Fig. 34. Development of the septa in a simple Rugose Coral, Zaphrentis. 
1 — 3, primary septa; 1, cardinal septum; 1', counter septum; 2, alar septa; 
3, counter-lateral septa; a, b, c, later septa (metasepta). (After Carruthers.) 

pinnate arrangement. In other genera, however, the pinnate 
plan is not seen in the adult (figs. 44, 45), since in the later 
stages of growth all the septa either become free at their 
inner edges or unite only at the centre of the coral ; and in 
such cases, unless a fossula is present, the symmetry of the 
coral is nearly or quite radial. 

From the description of the septal development given 
above, it will be seen that the fossulae are breaks in the 
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sequence of the septa. The cardinal fossula (fig. 40 A, a) 
is limited by the later septa added on each side of the small 
cardinal septum. The counter fossula, on the opposite side, 
where no new septa are introduced, is bounded by the two 
primary septa (d, d) which enclose the counter septum (b). 
The alar fossulae are the spaces between each alar septum (c) 
and the newer septa which have been added on its counter 
side. 

The fossulae have ]been regarded as pits or chambers for 
those mesenteries which alone were specialised for repro- 
duction. Another explanation of the nature of the cardinal 
fossula is that it is due to the presence of a groove on the 
ventral side only of the stomodaeum, similar to that found 
in the living family Zoanthidse; it is thought that such a 
groove would account for the small size of the cardinal 
septum. 

The Madreporarian corals have been divided into two 
main groups: (1) the Hexacoralla, and (2) the Rugosa. 

(1) Hexacoralla. The septa are arranged radially through- 
out life. There are six primary septa, and often other later 
cycles (secondary, tertiary, etc.). In development secondary 
septa are introduced between all the primary septa, and 
later septa in a similar manner. The Hexacoralla were 
formerly divided into (1) Aporosa, in which the septa and 
wall are solid, and (2) the Perforata in which they are 
perforated. When the perforations are numerous the skeleton 
is light and porous and appears to consist of a network of 
rods. In living corals the perforations are traversed by 
canals of the soft parts. The separation of the Aporosa 
from the Perforata cannot be maintained since it has been 
shown that corals with a perforate skeleton have arisen 
independently from more than one group of Aporose corals. 
Moreover, in a few Rugose corals (e.g. Galostylis) and a few 
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Tabulate corals (e.g. Arceopora) the same perforate character 
is developed. 

(2) Rugosa. Septa and theca usually solid; tabulae and 
dissepiments generally well developed and clearly differen- 
tiated. The coral is usually bilaterally symmetrical owing 
to the pinnate arrangement of the septa and to the presence 
of one or more fossulae (fig. 40). New septa are introduced 
along four lines only. In the adult coraJ the bilateral 
symmetry may be more or less completely lost. The septa 
are usually of two sizes; long (or major) septa alternately 
with short (or minor) septa. Increase takes place by budding. 
The Rugosa are limited to the Palaeozoic formations; the 
name of the group is taken from the vertical ridges often 
seen on the wall of the coral. 

Formerly it was maintained that the Rugosa possess only 
four primary septa — the cardinal, the counter, and two alar 
septa, which divide the coral into quadrants: on account of 
this the name Tetracoralla has sometimes been used for this 
group. The study of the development of the septa has shown 
that there are really six primary septa, and the Rugose corals 
consequently agree in that respect with the Hexacoralla, so 
that it is possible that both may have descended from the 
same ancestors ; the difference in the mode of development 
of the later septa, however, seems to indicate that the two 
groups soon diverged. A difficulty in accepting this view 
of their common ancestry is due to the fact that Rugose 
corals are found as early as the Ordovician, whereas the 
Hexacoralla are not known to occur in the Palaeozoic forma- 
tions. Consequently it would be necessary to assume that 
the Palaeozoic ancestors of the Hexacoralla did not secrete 
any hard parts capable of being preserved. Another view 
is that various families of Rugose corals are the ancestors 
from which a number of families of the Hexacoralla have 
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sprung independently. If this were proved it would follow 
that the separation of the Hexacoralla as a group distinct 
from Rugosa would be unnatural. But for the present it is 
convenient to retain these two divisions. 



1. RUGOSA 

Golumnaria. Compound, typically massive, with small 
coral lites. Septa long or short, with expanded bases. TabulaB 
generally complete. Dissepiments in a single series, vertically 
elongated, large, but sometimes absent. Ordovician to De- 
vonian; abundant in Upper Ordovician of North America. 
Ex. C. alveolata, Ordovician. 

Streptelasma. Simple, conical or turbinate, bilateral. Septa 
numerous, alternately long and short, dilated at the periphery. 
The major septa twist together at the axis. Cardinal fossula 
is present, but is sometimes indistinct. Tabulae irregular, sloping 
towards the periphery. Dissepiments poorly developed. Ordo- 
vician and Silurian. Ex. S. corniculum, Ordovician. 

Palaeocyclus . Small, simple, discoidal, with flat base. 
Septa strong, spinose, almost touching, exsert, the longer 
reaching the centre of the coral. Fossula distinct. No tabulae 
or dissepiments. Silurian. Ex. P. porpita. 

Cetophyllum (fig. 35). Turbinate or conical. Septa numerous, 
alternately long and short, but extending only a short distance 
into the visceral chamber, the central part being occupied 
by tabulae. Four shallow fossulae are present. No columella. 
Peripheral zone is formed of large dissepiments and is relatively 
narrow. The epitheca often gives off root-like processes. Bala 
to L. Ludlow. Ex. C. subturbinatum, Wenlock Limestone. 

Cystiphyllum (fig. 36). Nearly always simple, conical or 
cylindrical. Septa absent or rudimentary; visceral chamber 
filled with vesicular tissue, the outer part consisting of dissepi- 
ments, the central part representing tabulae. Fossula sometimes 
present. Columella absent. Calyx often a shallow basin, com- 
monly with ridges representing septa. Silurian. Ex. C. cylin- 
dricurriy Silurian. A similar form, Mesophyllum, is common in 
the Devonian. Ex. M. vesiculosum. 




Fig. 35. Cetophyllwn subturbimtum, Silurian. A. Horizontal section. B. 
Vertical section, h, cardinal septum; ss, alar septa; g, counter septum; 
e, dissepiments; /, tabulae. (From Nicholson.) The name Omphyma is not 
valid. 0. subturbinata belongs to the genus Cetophyllwn. 




Fig. 36. Cystiphyllum, cylindricum, Wenlock Limestone. A, horizontal; 
B, vertical section. (From Nicholson.) x2. 
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Galceola (fig. 37). Simple, conical or slipper-shaped, on6 
side is flat, the other convex; calyx very deep and closed by a 
semilunar operculum, which has on its inner surface a strongly-* 
marked median ridge and several less prominent lateral ridges:, 
septa indicated by striae in the calyx; wall thick. Middje 
Devonian. Ex. C. sandalina. *-' 

A B 





Fig. 37. Calceola sandalina, from the Middle Devonian. A, showing in- 
terior of calyx; B, inside of operculum of the same. Natural size. 

Goniophyllum. Similar to Calceola, but quadrangular; 
operculum consists of four plates forming a pyramid over calyx. 
Visceral chamber filled with vesicular tissue. Silurian. Ex. 
O. fletcheri, Wenlock Limestone. An operculum also occurs in 
the genus Rhizophyllum, Silurian. 

Kodonophyllum. Compound; corallites usually turbinate. 
Septa dilated peripherally; the longer usually meet at the axis 
where they form a pseudocolumella. Tabulae slope down- 
wards from the axis. No dissepiments. Budding calicular; 
buds small, near the margins of the corallites. Silurian. Ex. K. 
truncatum. 

Xylodes. Compound, dendroid or fasciculate. Budding 
calicular, the buds near the margin. The longer septa reach 
almost or quite to the axis; the shorter septa may be two -thirds 
of the length of the longer, or shorter. Tabulae occupy the central 
part of the corallite, differentiated into a broad inner series and 
a narrow outer series. Dissepiments small, numerous. Silurian. 
Ex. X. articulatus. 

Spongophylloides. Simple, sub-turbinate to sub-cylin- 
drical. Septa wavy or zigzag, reaching or nearly reaching the 
axis. Tabulae small, close together. Dissepiments form a broad 
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zone of vesicular tissue, into which the septa do not penetrate. 
Silurian. Ex. S. grayi. 

Acervularia (fig. 38). Compound, massive; corallites with 
an outer polygonal (frequently hexagonal) wall, and an inner 
circular wall formed by the thickening of the septa. Septa 
well developed, the longer reaching the centre where they may 
twist together. Tabulae extend across the greater part of the 
visceral chamber; those inside the circular wall are irregular 
and slope downwards towards the axis; those outside the wall 
horizontal and flat. Dissepiments form a narrow peripheral 
zone of vesicles. Silurian. Ex. A. ananas. 





Fig. 38. Acervularia luxuriant, Wenlock Limestone. Horizontal and 
vertical sections of one corallite. (After Lang and Smith.) x 2. 



Phillipsastraea (=zSmithia). Compound, massive. Septa 
numerous, becoming thickened between the margin and centre 
of the corallite; only the longer septa extend inside this thick- 
ening towards the centre of the corallite. Septa of adjacent 
corallites often confluent. Septa usually with carinas. Outer 
wall of corallites thin or absent. No columella. Tabulae and 
dissepiments well developed. Devonian. Ex. P. hennahi and 
. P. pengellyi. 

Prismatophyllum. Compound, massive, with thin wall. 
Septa may or may not reach the axis; typically with carinae. 
Main part of tabulae horizontal, but the peripheral parts sloping 
downwards. Typically numerous, small, globose dissepiments. 
Devonian. Ex. P. davidsoni. 
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Heliophyllum (fig. 39). Usually simple, turbinate. Septa 
bear carinse. Devonian. Very common in North America. Ex. 
#. Halli. 

_ Petraia. Simple, conical or sub -cylindrical, slightly curved; 
calyx very deep, sometimes reaching almost to the base of the 
coral. Septa close together, of two sizes, little developed except 
in the lower third of the coral where they reach the centre. 
Tabulae and dissepiments usually absent ; no columella. Silurian. 
Ex. P. radiala. 

Gyathaxonia. Simple, turbinate or elongate-conical. Septa 
reach the columella, which is large and solid. Fossula present. 
Tabulae sometimes present. No dissepiments. Carboniferous. 
Ex. C. cornu. 

J Zaphrentis (fig. 40). Simple, free, bilateral; turbinate, 
conica^, or cylindrical, often curved; calyx deep; theca thick. 
A well-marked car dinal fossula is present. Septa moderately 
numerous, the larger reaching very nearly or quite to the 
centre, the smaller usually short. Tabulae well developed, ex- 
tending quite across the visceral chamber. No true dissepi- 
ments. Columella absent. Devonian and Carboniferous, Ex. 
Z. delanouet, Carboniferous Limestone. *\ ^ 

Ganinia. Form similar to Zaphrentis but often cylindrical, 
slender, and very long. The longer septa meet in the centre 
(as in Zaphrentis) in the young stages, but in the later stages 
the septa are short and the central part of the coral is occupied 
solely by tabulae. No columella. In the simplest form, C. cornu- 
copim, there are no dissepiments, but in all other species a 
peripheral ring of more or less vertical dissepiments is present 
in the adult part. Carboniferous. Ex. C. cornucopia?, C. cylin- 
drical. 

Amplexus. Similar to Zaphrentis, but generally cylindrical 
and with the septa only fully developed on the upper surface 
of the tabulae ; in later stages the septa become progressively 
shorter. Devonian and Carboniferous. Ex. A. coralloides f Car - 
boniferous. 

Palaeosmilia (fig. 41 ). Simple or compound: often massive. 
Septa numerous, of two sizes, alternating, the longer reaching 
the centre. Fossula often absent. Tabulae rather small, occu- 
pying the central part only of the visceral chamber. Dissepi- 
ments form an extensive peripheral zone of vesicular tissue. 
Carboniferous. Ex. P. murchisoni, P. regium, Carboniferous. 




Fig. 39. Heliophyllum elegantulum, Devonian. A. Horizontal section. 
B. Vertical section, h, cardinal septum; g, counter septum; c, vesicular 
dissepiments; t, tabulae; r, carinas on septa. (From Nicholson.) x 2. 




Fig. 40. Zaphrentis delanouei. Carboniferous Limestone. A. Horizontal 
section; a> cardinal septum in fossula; b, counter septum; c, alar septa; 
d, counter-lateral septa bounding the counter fossula; c, alar fossula. 
B. Vertical section showing tabulae bending down into the cardinal 
fossula (a); (b), counter side, x 5. (Drawn by R. G. Carruthers.) 




Fig. 41. Palceo8milia murchisoni, Carboniferous Limestone. Portion of a 
vertical section, d dissepiments; t tabulae 
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Lithostrption (figs. 31, 42). Compound, either massive and 
with prismatic corallites, or formed of separated, nearly parallel, 
cylindriojfl corallites (fasciculate). Septa well developed, alter- 
nately long and short. Columella rod -like, laterally com- 
pressed. Dissepiments well developed except in small forms. 
Tabulae wide, usually tent-shaped. Fossula often distinct. Car- 
boniferous. Ex. L. basaltiforme. 

Lonsdaleia (fig. 43). Compound, either massive with poly- 
gonal corallites, or fasciculate with cylindrical corallites. Septa 
do not reach the epitheca, the marginal part of the corallite 
being formed of dissepiments only. Tabulae more or less nearly 
horizontal, widely spaced; central column similar to that of 
Dibunophyllum. Carboniferous. Ex. L. duplicate/,. 

Clisiophyllum (fig. 44 ). Simple, turbinate or sub-cylindrical. 
Septa numerous, alternately long and short; a well-marked 
cardinal fossula. The large central column consists of vertical 
radiating plates crossed obliquely by inclined plates, and forms 
a prominent projection in the calyx; there is a short median 
plate. The column is surrounded by a zone formed of tabulae, 
and external to this is a large zone of small dissepiments. 
Carboniferous. Ex. C. bipartitum. 

Dibunophyllum. Like Clisiophyllum but with a strong 
median vertical plate across the central column. Carboniferous. 
Ex. D. muirheadi. 

Aulophyllum ( = Cyclophyllum) (fig. 45). Similar to Clisio- 
phyllum but the central column is more distinctly limited and 
is finely vesicular since both vertical and inclined plates are 
more numerous; it is produced on the fossular side into an 
angular or ridge-like projection. No medial plate. Tabulae slope 
towards the periphery. Carboniferous. Ex. A. fungites. 



2. HEXACORALLA 

Turbinolia. Simple, conical, free; calyx circular, with pro- 
jecting columella. ' Septa exsert. Costae lamellar, projecting, 
with pits in the grooves between them. No dissepiments or 
tabulae. Eocene, Oligocene, and Recent. Ex. T. humilis, 
Barton Beds. 





Fig. 42. Lithostrotion bamltiforme, Carboniferous Limestone. A. Hori- 
zontal section of a single corallite, x2£. B. Vertical section, x 5. c, colu- 
mella; t t tabulaB; d, dissepiments; w, theca. 





Fig. 43. Lonsdaleia duplicata, Carboniferous Limestone, 
c, central column; d, dissepiments; t, tabulae, xlj. 





Fig. 44. 



Fig. 45. 



Fig. 44. Clisiophyllum bipartitum, Carboniferous Limestone. Horizontal 
section showing the large central column. Natural size. 

Fig. 45. Aulophyllum [Cyclopkyllum] fungites, Carboniferous Limestone. 
Horizontal section, a, cardinal fossula. x 1 J. 
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Flabellum. Simple, compressed, fan-shaped, free or fixed 
by rootlets. Calyx narrow, deep; septa numerous. Columella 
trabeculate. Costae smooth or spiny. Upper Cretaceous to 
bresent day. Ex. F. woodi, Coralline Crag. 

Montllvaltia (fig. 29). Simple, fixed or free; turbinate, 
cylindrical, conical, or discoidal. Epitheca well developed, 
corrugated, goj^ malla absen t. Septa numerous, strong, often 
exsert, the upper edges dentate. Dissepiments abundant. Trias 
to Cretaceous; in England, Inferior Oolite to Corallian. Ex. 
M. trochoides, Inferior and Great Oolite. 

Parasmllia. Simple, fixed, turbinate or elongate. Calyx 
circular. Columella spongy. Septa well developed, exsert, 
granular on the sides. Wall with vertical ridges. Cretaceous 
to present day. Ex. P. centralis, Chalk. 

Isastraea. Compound, massive; calyces polygonal. Colu- 
mella rudimentary or absent. Septa thin and close together. 
Dissepiments abundant. Synapticulae present. Trias to Eocene; 
in England, Inferior Oolite to Upper Greensand. Ex. /. ex- 
planata, Corallian. 

Sty Una. Compound, usually massive; calyces circular, pro- 
jecting, usually separated. Columella small, styliform. Septa 
exsert. Dissepiments fairly abundant, flat. Corallites united by 
costae. Basal epitheca with folds. Trias to Cretaceous; in England, 
Inferior Oolite to Corallian. Ex. S. tubulifera, Corallian. 

Thecosmilia. Compound, dendroid or rarely almost massive. 
Multiplication by fission. Margins of calyces irregular. Colu- 
mella rudimentary or absent. Septa strong, upper edges den- 
tate, more or less exsert. Dissepiments abundant. Epitheca 
thick and folded, but often not preserved. Trias to Cretaceous ; 
in England, Lias to Corallian. Ex. T. annularis, Corallian 
and Kimeridgian. 

Holocystis. Compound, massive, convex; calyces polygonal. 
Columella very small or absent. Corallites united by their walls 
or by costae. The four principal septa are much better developed 
than the others. Tabulae well developed. Lower Greensand. 
Ex. H. elegans. 

Thamnas teria . Compound, massive; convex or laminar. 
Walls of the corallites indistinct. Calyces shallow. Septa 
formed of fan-shaped rows of rods; the septa of adjoining 
corallites confluent ; faces of septa with granulations. Columella 
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small, trabeculate. Dissepiments present, synapticulae numer- 
ous. Usually a basal epitheca. Trias to Miocene; in England, 
Inferior Oolite to Upper Greensand. Ex. T. lyelli, Great Oolite. 

Micrabacia. Simple, free, discoidal, base concave. Colu- 
mella false. Septa numerous, with their outer edges perpen- 
dicular. Synapticulae present. Wall on the base only, thin; 
costae granular. Upper Cretaceous. Ex. M. coronula. 

Goniopora ( — Litharcea). Compound, massive, perforate. 
Calyces more or less polygonal. Septa well developed, the faces 
spiny , v the upper edges dentate. Walls of the corallites reticulate. 
Columella formed by the ends of the septa. Cretaceous to 
present day, common in Eocene. Ex. G. websteri, Bracklesham 
Beds. 

ORDER II. ALCYONARIA 

The Alcyonaria are nearly a ll colonial organisms ; the polyps 
possess eightmesenteries and eight tentac les, th e latter being 
provided with pinnules (fig. 46, 4). In the stomodaeum there 
is only one groove with cilia, and the longitudinal muscles 
(fig. 47, fi) on the mesenteries are all directed toward the 
groove. All the mesenteries reach the stomodaeum (l). The 
nature of the skeleton varies considerably; in Alcyonium it 
consists of isolated spicules of carbonate of lime embedded 
in the common gelatinous base from which the polyps arise. 
In some cases it has the form of an axial rod surrounded 
by the ccenosarc; this rod may consist of horny material 
(e.g. Gorgonia) or of carbonate of lime (e.g. Corallium, the 
red coral), or it may be formed of alternating segments of 
horny and of calcareous material as in Isis. In the ' organ- 
pipe coral' (Tubipora musica, fig. 48) the skeleton consists 
of numerous parallel tubes or corallites (a) which are not in 
contact but are held together by horizontal calcareous 
plates or ' platforms ' (b). The walls of the corallites, although 
apparently quite compact, are really composed of spicules 
which have serrated edges and are firmly fitted together. 
A single polyp lives at the summit of each corallite; 
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spicules occur in the middle gelatinous layer (mesogloea) of 
the polyp, and in the lower part become interlocked to form 
the solid wall of the corallite. The interior of each corallite 
is divided up by tabulae which are often funnel-shaped 
(% 48, c). 




Fig. 46. Part of a colony of Alcyonium digitatum showing thirteen polyps 
in various stages of retraction and expansion. (From Shipley and 
MacBride.) 1, mouth; 2, stomodaeum; 3, mesenteries; 4, tentacles, x 8. 

In some of the Alcyonaria, as for example Pennatula, 
there are in addition to the ordinary polyps (or autozooids) 
others of a more rudimentary character, known as siphono- 
zooids, in which tentacles are absent. 

The blue coral (Heliopora), which is abundant in the 
Indian and Pacific Oceans, differs from other living Alcyo- 
naria in that the skeleton consists of calcareous fibres 




Fig. 47. Transverse section through a polyp of Alcyonium digUatum in 
the region of the stomodseum. x about 120. 1, cavity of stomodseum; 
2, ventral groove with cilia (siphonoglyph); 3, ectoderm; 4, gelatinous 
layer; 5, endoderm; 6, muscles of mesenteries ; 7, cavity between mesen- 
teries. (After Hickson.) 



*i-i: 
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Fig. 48. Tubipora musica, Recent. A. Part of a colony, natural size. 
B. Diagrammatic vertical section of one corallite (enlarged) showing 
canals in the wall and platform, a, corallite; 6, platform; c, tabula. 
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instead of spicules, and in this respect resembles the Madre- 

poraria. Heliopora has the form of branched or lobed 

masses, and is composed of tubes of two sizes; the larger 

tubes or corallites are circular and possess usually fifteen 

spine-like proj ections at their 

summits with ridges below; 

these are called pseudosepta, 

since they are not related to 

the number of mesenteries 

and do not correspond with 

true septa. The smaller tubes 

form a coenenchyma between 

the corallites, and are more 

irregular in form. Both coral 

lites and ccenenchymal tubes 

are divided by horizontal 

plates or tabulae. The soft 

parts form a thin sheet over 

the surface of the skeleton; 

polyps (fig . 49 , a , b ) are placed 

in the corallites and give off 

branching tubes (d) which cover the coenenchyma and send 

blind prolongations or caeca (e) into its tubes. The caeca were 

formerly regarded as siphonozooids. 

Alcyonaria are rare as fossils, unless the 'Tabulate Corals' 
of the Palaeozoic, described below, be included in that group. 




Fig. 49. Heliopora ccerulea. A single 
polyp and the adjacent soft parts, 
a, the projecting part of the polyp with 
eight pinnate tentacles; 6, lower part 
of the polyp; c, ectoderm; d, sheet of 
canalo; e, caeca. (After Bourne.) 



Tabulate Corals 

In the Palaeozoic formations numerous compound corals 
are found, the systematic position of which cannot yet be 
established; they are characterised by their numerous and 
well-developed tabulae, by the septa being, in most cases, 
represented by ridges or spines only, and usually by the 



TABULATE CORALS 



107 



long, slender, tube-like corallites. Some of these corals 
present considerable resemblance to living Alcyonaria; for 
example, Syringopora is similar to Tubipora, and Heliolites 
to Heliopora: on account of this, many authors maintain 
that these fossil forms belong to the Alcyonaria, but this 
relationship is denied by other writers who point out that 
the skeleton is not formed of spicules, but is similar in 
structure to that of Zoantharian corals, and further that 
there is a close resemblance between Favosites and the 
living Zoantharian Alveopora. Other views of the affinities 
of these Palaeozoic corals are (1) that they do not belong to 
either the Zoantharia or the Alcyonaria, but constitute an 
isolated group of the Anthozoa, (2) that they have been 
derived from early forms of the Rugose corals, of which 
they form a specialised offshoot; the evidence for this view 
appears to be furnished chiefly by the Heliolitidae. 

A few species which appear to be allied to the Palaeozoic 
forms have been found in deposits of Mesozoic age. 

Syringopora (fig. 50). Compound; corallites tubular, for 
the most part not in contact, more or less parallel to one 
another. The interiors of the 
different corallites communi- 
cate by means of horizontal 
connecting tubes. Septa feebly 
developed, generally repre- 
sented by spines. Tabulae nu- 
merous, more or less funnel- 
shaped. Budding basal. Llan- 
dovery to Carboniferous Lime- 
stone. Ex. S. reticulata, Car- 
boniferous. 

Syringopora agrees with Tu- 
bipora (fig. 48) in consisting of 
parallel, cylindrical corallites, which have funnel-shaped tabulae, 
and in its basal budding; it differs from Tubipora in having 




Fig. 50. Syringopora reticulata, Car- 
boniferous Limestone. Horizontal 
and vertical sections of corallites. x 5. 
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much thicker walls which are not composed of spicules, and are 
not perforated by minute canals ; also in the tabulae being much 
less regular in form and position, and in possessing septa in 
the form of spines. The platforms of Tubipora (which are 
traversed by canals opening into the corallites) are represented 
by the connecting tubes of Syringopora; in one species of 
Syringopora (S. tabulate,) the resemblance is particularly close, 
since the connecting tubes are given off from the corallites at 
definite levels in a radiating manner. On the other hand it 
must be noted that Hetproccenia provincialis, an Aporose coral 
from the Chalk, closely resembles Tubipora in its general build, 




Fig. 51. Favosites, Silurian. A, horizontal; B, vertical section. 
co, young corallite. (From Nicholson.) x 5. 



although having no relationship to the latter. No fossil forms 
which would connect the Palaeozoic Syringopora with the recent 
Tubipora have been found in Mesozoic or Tertiary formations. 

Favosites (fig. 51 ). Compound, massive, sometimes branched. 
Corallites long and polygonal; the walls are in contact but not 
fused, and are perforated by pores (' mural pores 1 ) arranged 
in rows along each face. Septa absent or represented by rows 
of spines. Tabulae numerous, regular, generally extending quite 
across the corallite. Basal epitheca present. Bala to Carboni- 
ferous Limestone. Ex. F. gothlandioa, Silurian. 

Favosites is related to Syringopora, but the corallites are in 
contact, and consequently connecting tubes are absent, though 
probably represented by the mural pores. The living Madre- 
porarian Alveopora agrees in general structure with Favosites, 
but its walls are less compact, and its basal epitheca is fluite 
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small; the development of the colony also differs, and it is 
probable that the resemblances between the two genera are due 
to homceomorphy rather than relationship. Some corals (e.g. 
Koninckia, Ubaghsia) which resemble Favosites are found in 
the Upper Cretaceous. Alveopora is found living in the Pacific 
and Indian Oceans and the Red Sea, and has been recorded 
from the Upper Cretaceous of Portugal, and from the Oligocene 
of Styria. 

Pachypora. Similar to Favosites, but the walls of the coral - 
lites are greatly thickened, especially near the surface of the 
coral, by a secondary deposit of carbonate of lime. Silurian to 
Carboniferous. Ex. P. cervicornis, Devonian. 

Alveolites. Allied to Favosites. Massive, encrusting, or 
branching. Corallites small, laterally compressed, and more or 
less triangular in section; walls moderately thick, with a few 
large mural pores. Usually a single septum. Silurian and 
.Devonian. Ex. A. labechei, Silurian. 

Pleurodictyum. Compound, discoidal, attached by part of 
the base, upper surface slightly convex. Corallites diverge from 
the centre of the base ; walls thick, with irregular pores. Septa 
rudimentary. Tabulae not numerous, more or less united. 
A basal epitheca. Devonian and Carboniferous. Ex. P. proble- 
maticum, Devonian. 

Michelinia. Similar to Pleurodictyum, but the tabulae are 
more numerous and form a vesicular tissue, and root-like pro- 
cesses are usually given off from the epitheca on the base of the 
coral. Devonian and Carboniferous. Ex. M. favosa, Carboni- 
ferous. 

Heliolltes (fig. 52). Corallum compound, massive or branch- 
ing, formed of tubes of two sizes ; the larger circular ones are the 
corallites, between which are the smaller polygonal tubes form- 
ing the coenenchyma. Tabulae occur in both, and are complete 
and horizontal; in the corallites septa may be absent, but, 
when present, they are short, lamellar or spinose, and generally 
twelve in number. Columella sometimes found in the corallites. 
Bala to Devonian. Ex. H. porosus, Devonian. 

In general structure Heliopora is similar to Heliolites, but is 
more branching, whilst Heliolites forms rounded or encrusting 
masses ; further, the smaller tubes which form the coenenchyma 
branch dichotomously in Heliolites, but in Heliopora new tubes 



110 



ANTHOZOA 



are introduced between the older ones. By many writers these 
two genera are considered to be closely allied, but the relation- 
ship is denied by others, who state that important differences 
are found in the structure of the corallite walls and septa. 
According to Lindstrom and others, the corallites of Heliolites 
possess a distinct and independent wall (theca) and also have 
true septa, whilst in Heliopora the corallites are simply bounded 
by the walls of the coenenchymal tubes, and possess pseudo- 
septa instead of septa and these have the form of ridges except 
at the opening of the corallites. Bourne, on the other hand, 







#&t 





n-i-h iur 
i i-i-ii^t-Ln 



tii 







V i-il 



H-f- 



B 



Fig. 52. 
section. 



Heliolites porosus, Devonian. A. Horizontal section. B. Vertical 
a, corallites; 6, tubes forming the coenenchyma; c, tabulae. x5. 



considers that the corallites of Heliolites possess no independent 
wall, and agree in this respect with Heliopora. Although the 
ccxmenchyma of Heliolites resembles closely that of Heliopora, 
yet Lindstrom and Kiar maintain that it has originated inde- 
pendently in the two genera, and cannot be taken as evidence 
of relationship; this view is based on a study of the develop- 
ment and phylogeny of Heliolites, and leads to the conclusion 
that that genus and its allies constitute a specialised offshoot 
from the early Rugosa; it is claimed that Heliolites has 
descended from ah earlier Heliolitid in which the coenenchyma 
is vesicular instead of tubular, and that the circular corallite 
wall of the Heliolitids is equivalent to the inner circular wall 
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of Acervularia and Endophyllum, whilst the ccenenchyma repre- 
sents the vesicular dissepiments of those genera. The great 
interval of time between the last appearance of Heliolites and 
first appearance of Heliopora lends support to the view that 
these genera are not closely allied; the former and its allies 
are not known in rocks of later age than the Devonian, while 
the latter has been recorded in rocks of Cretaceous and later 
date only. 

Plasmopora. Allied to Heliolites. Usually discoidal or 
hemispherical. Walls of smaller tubes incomplete or absent, 
and their tabulae forming a vesicular tissue. Septa in corallites 
lamellar, and prolonged outside each calyx, so as to enclose 
large spaces of uniform size. Basal epitheca with concentric 
ridges. Ordovician to Devonian. Ex. C. petaliformis, Silurian. 

Propora. Allied to Plasmopora. Edges of calyces pro- 
jecting; septa represented by spines, and not prolonged outside 
the calyx to enclose large spaces. Ordovician to Silurian. 
Ex. P. tabulata, Wenlock Limestone. 

Halysites. Compound; corallites long and tubular, arranged 
in a single row and united at their sides so as to form laminae, 
which intersect; in some species the corallites are of two sizes — 
the smaller perhaps represent the coenenchymal tubes of Helio- 
lites. Epitheca thick. Septa absent or represented by spines. 
Tabulae well developed, horizontal or concave. Llandeilo Beds to 
Wenlock Limestone. Ex. H. catenularia, Wenlock Limestone. 

Chaetetes. Massive, often laminar, consisting of slender, 
tube-like polygonal corallites which are contiguous; walls often 
incompletely formed and may give the appearance of a solitary 
septum. Tabulae thin, complete, widely separated. No septa. 
Probably no mural pores. Chiefly Carboniferous. Ex. C. radians. 

Distribution of the Anthozoa ^T^. 

Zoantharia. From the point of view of their distribution 
at the present day, the Madreporaria may be divided into 
two groups, the solitary and the reef- building. 

The soli tary coral s (i.e. th e corals which do not form 
reefg]_ar e found in jjjmost all latitudes , but live mainly in 
rather deep water, the larger number occurring between 
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dep ths of 50 _andJLQQ0 fathoms ; some few (e.g. Caryophyllia) 
liyeln quite shallow water, whilst others inhabit the depths 
between lOOiTand '2900 fathoms. Those which live in the 
deep sea, where the temperature is low and the light weak 
or absent, are mainly simple cup corals or delicately branch- 
ing forms, and many have thin, fragile skeletons. The specie s 
ofjcjitary^corals have a wide geographical distribution, but 
they extend^oin^a~^n^rT~way back" into the geological 
record; thus not a single Jiving species is found fossil in 
the EngfishTCainozoic formations ; about a third of the living 
gejiefa ^gowever, are represented in Cainozoic rocks, and a 
few (e.g. Caryophyllia, Parasmilia, Trochocyathus) occur in 
Mesozoic formations. 

The d istrib ution of reef- building corals is limited by both 
depth and temperature, and TiTalsolnfluenced by light and 
salinity. Thus They are found mainly between the shore -line 
and 14 fathoms, but some extend down to 26 fathoms and 
a few even lower. The maximum depth at which_a true reef 
wUl^ form is 2^fatJioms 1 Reef-bulTding corals thrive only 
where the average temperature of the coldest month of the 
year is not less than 70° F. and where the usual temperature 
is from 77° to 86° F. Since, owing to currents, the waters 
along the western shores of continents are colder than those 
along the eastern shores the great coral reefs to-day are 
found in the tropical parts of the mid- and west-Pacific, 
the Indian Ocean and the Red Sea, and the tropical and 
sub-tropical parts of the west Atlantic Similarly reef corals 
extend outside the tropics under the influence of warm 
currents, as in the Florida reefs and the Bahamas, and 
southern Japan. At the present d ay the reef- coral faunas 
of the AtlanticancL the^Indo- P acific regi ons differ con- 
siderablyrThe latter are morelSumerous in species and more 
luxuriant in growth than those in the Atlantic, and include 
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several genera not present in the Atlantic. Similarly there 
are some genera in the Atlantic not known in the Indo- 
Pacific region. The two faunas, however, were not always 
so distinct, since several genera which are now confined to 
the Indo-Pacific region have been found fossil in the Oligo- 
cene and Miocene of the West Indies and the south-eastern 
part of the United States. 

The growth -form of reef corals, even those of the same 
species, is influenced largely by external conditions. In the 
quiet water of the lagoon, and outside the reef below the 
depth at which wave action is felt (18-25 fathoms), the 
corals are mainly forms which are only weakly attached to 
the bottom or have fragile skeletons consisting of slender 
branches or laminae. While on the exposed part of the reef 
the corals have a massive growth -form or are composed of 
stout branches. The rate of growth of corals differs in 
different species, and in each species varies according to 
local conditions. In the reefs of Florida Orbicella annularis 
is the predominating coral, and its upward growth is from 
5 to 7 mm. per annum. In Acropora palmata the upward 
growth is from 25 to 40 mm. per annum. But a comparison 
baser! on the increase in weight shows that Acropora grows 
nearly four times as fast as Orbicella, and it is estimated 
that a reef composed of it would grow upward at a rate of 
one inch in a year. Branching corals increase in dimensions 
more rapidly than massive forms. In the former the growth 
rate of those with perforate skeletons is more rapid than 
those with dense skeletons. In the Pacific the growth of 
massive corals appears to be more rapid than that of similar 
forms in the Atlantic Ocean. Under favourable conditions 
some colonies attain a diameter of from 6 to 10 feet. 

Although corals are sedentary animals, some of the 
species and genera have a wide distribution. This is due to 
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the long duration of the free -swimming larval stage, during 
which distribution is effected by ocean currents. 

Corals, with possibly one or two exceptions, can only 
exist in salt water; but Madrepora cribripora is said to 
inhabit nearly fresh water. Clear water is likewise generally 
necessary, but one species, Pontes limosa, thrives in muddy 
situations. In geological times, and especially in the Palaeo- 
zoic and Mesozoic periods, the reef- building corals had a 
much wider geographical range than they have at the present 
day, and their remains occur abundantly in various forma- 
tions in temperate and even polar regions ; but in the course 
of the later Cainozoic period the range of the reef-builders 
became more and more restricted until the present limits 
were reached. 

The Zoantharia found in the Palaeozoic formations belong 
to the Rugose group. The other common corals of the 
Palaeozoic are the Tabulates, the systematic position of 
which is uncertain. In the Mesozoic and later formations 
the Hexacoralla are abundantly represented. 

Alcyonaria. The Alcyonaria occur in all parts of the world, 
and are found at all depths from the shore -line down to 
2300 fathoms, but they are most abundant at depths of less 
than 100 fathoms; beyond this limit the number of species 
gradually diminishes as the depth of the water increases. 

Very few of the modern Alcyonarian families occur fossil, 
but the Pennatulidae are represented in the Trias by Pro- 
graphularia, in the Lower Lias by Mesosceptron, in the 
Cretaceous by Pavonaria, and in the Cainozoic by Graphu- 
laria. The red coral, Corallium, is found in the Cretaceous 
and Cainozoic (perhaps also in the Jurassic); forms allied 
to Gorgonia occur in the Cretaceous and Tertiary rocks; 
I sis is found in the Cainozoic, and perhaps also in Creta- 
ceous formations. Spicules, similar to those of Alcyonium, 
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have been detected in the Upper Cretaceous. Heliopora 
is first recorded from the Cretaceous. The organ-pipe coral, 
Tubipora, which now lives on coral reefs in the Tropics, has 
not been found fossil. 

Fossil corals are comparatively rare in argillaceous and 
arenaceous beds but often abundant in calcareous rocks, 
many limestones being formed largely of coral remains. This 
is indeed what might be expected, since existing forms can, 
as a general rule, live only in clear water. The chief features 
in the geological distribution of the Anthozoa are given in 
the following table. 

Cambrian. Archceocyathus , found in the Cambrian in North 
America, Sardinia, Spain, and Australia has sometimes been 
regarded as a coral, but is probably a sponge. 

Ordovician. In North America corals (especially Streptelasma 
and Columnaria) are common in this system, but in England 
only a few forms have been found, the most important being 
Favosites, Heliolites, Halysites. 

Silurian. Corals are very abund ant, especially in the Wenlock 
Limestone. ~~ Rugosa: Xylodes, Jfoervulwria, Umphyma, Cysti - 
phyllum, Rodonophyllum, Chonophyllum, Spongophylloides, Try- 
plasma, Calo8tylis y Pakeocyclus, Petraia, Goniophyllum. Tabulate 
corals : Syringopora, Favosites, Heliolites, Plasmopora, Propora, 
Halysites. 

Devonian. Rugosa: Cyathophyllum, Heliophyllum, Phillips- 
astrcea, Endophyllum, Spongophyllum, Mesophylloides, Zaphren- 
ti8, Prismatophyllum, Mesophyllum, Calceola. Tabulate corals: 
Favosites, Alveolites, Pachypora, Pleurodictyum, Heliolites. 

Carboniferous. Rugosa: Palceosmilia, Lithostrotion, Orion- 
astra3a, Clisiophyllum, Dibunophyllum, Aulophyllum, Lonsdaleia, 
Zaphrentis, Cyathaxonia, Caninia, Amplexus. Tabulate corals: 
Michelinia, Syringopora, Chcetetes. 

Permian. Rugose and Tabulate corals, generally similar to 
those of the Carboniferous, have been found in Russia, China, 
Timor, etc. Waagenophyllum, Lonsdaleia, Corwenia, Zaphrentis, 
Caninia. 

8-2 
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Trias. Corals are absent in England, but occur in the Alpine 
Trias; the Palaeozoic forms have become extinct and in place 
of them are Rhabdophyllia, Montlivaltia, Thecosmilia, Stylo- 
phyllum, Styllophyllop8is, Isastrcea, Phylloccenia, Astroccenia, 
Stylina, Omphalophyllia. 

Jurassic. Styllophyllopsis, Heterastroza, Astroccenia and The- 
cosmilia are found in the Lias but are not common. In the 
Oolites corals become very abundant, e.g. Montlivaltia, Isastrcea, 
Thamnasteria, Thecosmilia, Stylina, Cyathophora, Cladophyllia, 
Calamophyllia, Chomatoseris. 

Cretaceous. Corals are not abundant in England; the chief 
forms are Parasmilia, Trochocyathus, Micrabacia, Holocystis. 
In some parts of Europe, especially in the Gosau beds (of 
Chalk age) of the Austrian Alps, corals are very numerous and 
include Astrocosnia, Montlivaltia, Isastrcea, Cyclolites, Syn- 
astrcea, etc. 

Cainozoic. Corals are rare in English Cainozoic formations: 
Turbinolia, Dendrophyllia, Oculina and Goniopora (Litharcea) 
occur in the Eocene; Madrepora in the Oligocene; Flabellum 
in the Pliocene. In the middle and south of Europe, and in the 
south-eastern part of the United States, corals are found abun- 
dantly in various Cainozoic deposits. 



PHYLUM ECHINODERMA 

Sub-Phyla Classes 

{1. Asterozoa 

2. Echinoidea *J 

3. Holothuroidea 

(1. Crinoidea 

I Bl^toidea 

4. Edrioasteroidea 

The Echinoderms are all marine and comprise the star- 
fishes, brittle-stars, sea-urchins, sea-lilies, sea -cucumbers, 
and the extinct blastoids and cystideans. |The body is very 
often radially symmetrical, the symmetry being generally 
pentamerous.l But in many cases there is also a more or 
less well-marked bilateral f^rrtu^m^nt^ nf partsL In the 
majority of cases [the alimentary canal terminates in an 
anusJ/ A body-cavity or ccelom is present and surrounds the 
alimentary canal. The water- vascular system (fig. 56) is 
one of the distinguishing features of the group : it consists 
of a set of vessels containing a watery fluid and generally 
placed in communication with the sea-water by means of 
a canal ; one vessel forms a ring round the oesophagus from 
which radiating trunks are given off. The water-vascular 
system functions in res pirat ion and as a se nsory orga n, and 
often also in locomotion. A nervous system is present; 
one part of it has a distribution similar to that of the water- 
vascular system.! Reproduction is mainly sexual; as a rule 
the sexes are separate! but do not differ externally. ( 

iln nearly all echinoderms there is a dermal skeleton, 
his is calcareous^ and consists) sometimes of isolated pieces, 
but more usuallyj of rods or plates united by fibres of con- 
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nective tissue and forming a complete shell or test, which 
may be either flexible or rigid J spines and other processes 
are often attached to the plates ^When examined micro- 
scopically each part of the skeleton is found to be formed 
of a network of calcareous rods (fig. 53), with a jelly-like 
substance in the spaces of the networljjj The details of the 
structure vary in different forms, depending on the size and 
shape of the spaces between the rods. In the spines of sea- 
urchins the network of rods has usually a radial arrange- 
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Fig. 53. A. Portion of transverse section of a spine of a sea-urchin, 
HJchinometra, Recent. Magnified. B. Section of interambulacral plate of 
recent Cidaris cut parallel to the surface*. Magnified. 

ment, with polygonal or rectangular spaces (fig. 53 A), 
except at the centre, where the structure is more irregular. 
Another characteristic feature of the skeleton is that each 
component part shows the optical characters of a crystal 
of calcite, and differs only from an ordinary crystal in not 
having crystal contours and in the possession of the netted 
structure! In a plate the principal crystallographic axis is 
at right angles to the surface, in a spine it is parallel with 
the length. In fossil specimens the spaces in the network 
of rods usually become filled with calcite, which is deposited 
in crystalline continuity with that forming the plate or 
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spine. In such cases the characteristic cleavage of calcite 
becomes well marked, so that when the plate or spine is 
broken, the fracture passes along the cleavage planes, in- 
stead of being irregular as in the recent forms. [By the 
infiltration of calcite and the development of cleavage, the 
organic structure in fossil echinoderms is sometimes partly 
or almost completely destroyedjf 

The Kehiuoderma are divided into two main groups, 
(1) the Kteutherozoa, (2) the Pelmatozoa. 



I. ELEUTHEROZOA 

The Ele utherozoa possess no fixing organ and are able to 
move aT)oirt"Treely. This~ groiipls^ di videdinto three~elasses": 
(1) AsterozoaTT^) Echihoidea, (3) Holothuroidea. 

CLASS I. ASTEROZOA 

The Asterozoa are represented in the older Palaeozoic rocks 
by a great diversity of forms, but these, in the main, can 
he arranged in- two groups which have survived to the 
present day — the Asteroidea (or starfish) and the Ophi- 
uroidea (or brittle -stars). The Asteroidea are the simpler of 
these two groups, and have undergone less modification 
from the parent Asterozoan stock. All the forms of the 
Asterozoa are built round the water-vascular system (fig. 56) 
in a more or less similar way; there is a central mouth in- 
side the water-vascular ring, and a disc of varying extent 
around the mouth ; five arms (occasionally secondarily multi- 
plied) come off from the disc. The main variations in the 
structure of the skeleton appear tc be connected with the 
manner of life of the forms, and can be best illustrated by 
an account of the structure of the two groups. 
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SUB CLASS I. ASTEROIDEA 

In the Asteroidea the arms are usually short and merge 
gradually into the disc. Occasionally, as in the recent genus 
Pentagonaster and in the Chalk genus Metopaster, the arms 
are so short that the whole body is almost a pentagon. 
Other genera, such as Astropecten, have longer arms, but 
no Asteroidea, except a few deep sea forms, have the long 
thin arms which usually characterise the Ophiuroidea. 

The two surfaces of the Asteroid are readily distinguishable. 
The under surface (known as the oral, ambulacral, or actinal, 
fig. 54) is marked by the mouth, and the five deep ambulacral 
grooves (Amb. gr.) along the arms. In each of these grooves 
one of the five radial water vessels (fig. 56, b) is placed and from 
it arise the tubular offshoots known as the tube-feet (/). The 
upper surface (known as the apical, aboral,anti -ambulacral, or 
abactinal) is completely covered over; a distinct ossicle on 
this surface is the madreporite, the porous plate through which 
water is admitted into the water- vascular system. 

The ambulacral grooves extend from the mouth to the 
extreme tip of the arms. Each groove is formed by two 
rows of ossicles (the ambulacral ossicles, fig. 55, a) which 
meet at an angle making an arch, and is bordered on each 
side by another row of ossicles, the adambulacrals (fig. ^, b). 
Between the ambulacrals are pores for the passage of the 
ampullce or reservoirs (/) attached to the tube -feet (g). The 
tube-feet themselves are used for pulling open Lamelli- 
branchs on which star-fish feed, and for climbing and walk- 
ing. The ambulacral groove can be closed for the protection 
of the tube -feet by muscles placed ventrally to the radial 
water vessel or opened by muscles dorsal to the same struc- 
ture. Longitudinal muscles occur between the adambula- 
crals and at the dorsal tips of the ambulacral ossicles, by 
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Fig. 54. Oral surface of a fifth part of the skeleton ufPenlucrros itticuhilus. 
A\ /)1, anterior process of first ambulacral: .1, 12. .13, the first three 
ambulacra! ossicles: M.A.P., mouth-angle plates; Amb.gr,, ambulacial 
groo\e; Ad., adambulacrals; V.L., ventrolateral plates; I.M., infero- 
marginal ossicles; S.M. % supero-marginal ossicles; Am. p., ambulacral 
pore. (From Spencer after Agassiz.) 
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means of which each side of the arm can be contracted. 
The ossicles nearest the mouth, in series with the adambu- 
lacrals, are called mouth-angle plates (tig. 54, M.A.P.); they 
are often so stout that they give the mouth a star- shaped 
form. In the inter-radial angles supporting the mouth-angle 
plates is a stout plate, the odontophor ; this is not usually 
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Fig. 55. Fig. 56 

Fig. 55. Section of the arm of a star-fish {Astropecten). a, ambulacral 
ossicles; b, adambulacral plates; c, infero- marginal plates with spines; d, 
supero-marginals; e, radial water vessel;/, ampulla; g, tube-feet. Enlarged. 
Fig. 56. Diagram of the water-vascular system of a star-fish, a, circular 
vessel round the mouth; 6, radial vessels; c, Polian vesicles; d, stone-canal; 
e, madreporic plate;/, tube-feet (only a few shown); g, ampulla. 

visible on the oral surface in recent forms as it is covered 
by the ventro -lateral plates, but in many Palaeozoic genera 
which do not possess ventro -laterals it is seen distinctly. 

In the remaining parts of the skeleton, which are known 
collectively as the interambulacral skeleton, the following 
parts are usually clearly differentiated: (1) a double series 
of plates, the supero- and infero -marginals which form the 
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sides of the arms and disc (figs. 55, c, d\ 54, 8.M., I.M.): 
(2) small plates, the ventrolaterals placed on the oral surface 
of the disc between the marginal plates and the adambu- 
lacral ossicles (fig. 54, V.L.): (3) a central primary circlet of 
radial and inter-radial plates on the aboral surface, usually 
more distinct in the young than in the adult form : (4) plates 
which fill in the remaining portions of the aboral surface. 
The plates running down the middle of the aboral surface 
of the arm are known as radials. The terminal member of 
this series is notched for the reception of the most distal 
tube-foot which possesses an eye-spot, and the plate is there- 
fore known as an ocular Some or all of the plates of the 
interambulacral skeleton may be partly cut away to allow of 
tube-like projections of the skin which form simple respira- 
tory organs known as dermal branchice or papula?,. 

All the plates except the ambulacrals may carry spines. 
The disposition of the spines is of importance in classifi- 
cation. In the genera found in the Chalk the ornament 
formed by the pits in which the spines are sunk may be 
used to distinguish genera and even species. Frequently 
some of the spines are modified into pincer-like organs 
(pedicellarice) which serve for protection and as a means of 
clearing the surface of the body. 

The soft parts follow the general radiate symmetry already 
noticed in the water- vascular system. The mouth leads into 
a short oesophagus which opens into a globular stomach; 
above the stomach is the pentagonal pyloric sac, from the 
angles of which are given off branches which soon divide 
into two and extend down the arms near the aboral sur- 
face. From the pyloric sac a short narrow intestine leads 
to the anus at the centre of the aboral surface. The dis- 
tribution of the main part of the nervous system is similar 
to that of the water- vascular system : it consists of a ring 
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round the mouth and of a branch which extends down the 
ambulacral groove of each arm ; there is also a layer of fine 
nerve fibres under the ectoderm. The genital glands occur 
in pairs at the base of each arm and open to the exterior 
between the rays) The water-vascular system communicates 
with the exterior by means of a canal (fig. 56, d) which 
passes from the circular vessel to the madreporite on the 
aboral surface of the disc ; this is known as the stone canali 
on account of the deposit of carbonate of lime in its walls. 

Metopaster. Body flattened, pentagonal in outline, the rays 
only slightly produced. Marginal plates thick, with rabbet edge 
which bears shallow spine pits. Supero-marginal plates few in 
number, forming a broad border to the disc ; the terminal pair of 
plates the largest. Aboral surface covered with small polygonal 
(usually hexagonal) plates. Infero -marginal plates more nu- 
merous than the supero-marginals. Plates on the oral surface 
small, polygonal. Cretaceous. Ex. M. parkinsoni, Upper Chalk. 

Mitraster. Similar to Metopaster, but rounded (or slightly 
pentagonal) in form, with supero-marginal plates few and of 
more nearly equal size. Chalk. Ex. M . hunteri. 

Crateraster. Body almost pentagonal. Lateral faces of 
marginal plates with crater-like pits. Apical faces of marginals 
usually with rugosities. Chalk. Ex. C. quinqueloba. 

Pycinaster. General shape of the body similar to Calli- 
derma. Marginals high and almost smooth. Supero-marginals 
wedge-shaped. Upper Greensand and Chalk. Ex. P. angustatus, 
Upper Chalk. 

Calliderma. Body flattened, pentagonal -stellate, with the 
rays moderately long. Marginal plates large, forming a broad 
border to the disc, covered with shallow spine pits. Aboral 
surface of disc with small plates arranged regularly. Cretaceous 
to present day. Ex. C. smithice, Chalk. 

Stauranderaster. Body high; arms produced. Plates with 
a rabbet edge. Ornament on plates, when present, confined to 
the central raised area. Proximal marginals breast-plate shaped. 
A distinct central circlet of plates is often present on the 
aboral surface. Chalk. Ex. S. bulbiferu&. 
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SUB-CLASS II. OPHIUROIDEA 

The Ophiuroidea are a highly modified group. The arrange- 
ment of the nervous and water- vascular systems is similar 
to that found in the Asteroidea, but the tube-feet no longer 
have any locomotory function, being merely sensory or 
respiratory organs. The arms are long and thin, and are 
capable of wriggling and writhing movements. The disc is 
round and sharply marked off from the arms. Many Ophi- 
uroids live on mud from the sea bottom which they push into 
their mouths by means of the tube -feet nearest the mouth. 
The structure of the arm is shown in fig. 57. The ambu- 
lacral ossicles are no longer pairs of rod-like bodies, but 
consist of a single series of stout 
vertebrae (fig. 57, d) which articulate 
upon each other. The derivation of 
these vertebrae from pairs of ambu- 
lacral ossicles car. be followed in 
the young forms and in the older 
Palaeozoic fossils. The adambu- e ' c 

lacrals are represented by thin Fig. 57. Section of the arm of 

plates, known as lateral plates or «\Ophiuroid (Ophioglypha). 

r ' r a, dorsal plate ; o, lateral plate ; 

side shields (6), which usually c , ventral plate; d, ambulacral 

possess a ridge carrying a comb of ossicles fused along the median 

t . rr,, , , r vertical line; e, ambulacral 

long spmes. The aboral surface is groove Enlarged . 

protected by a series of dorsal 

plates (a) analogous to the radials of the Asteroidea. The 

groove is covered by ventral plates (c) not represented in the 

Asteroidea. Neither generative organs nor diverticula from 

the alimentary canal enter the arms as they do in the 

Asteroidea. 

The oral surface of the disc (fig. 58 A) is formed by inter- 
radial pouches covered with scaly plates and granules. The 
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slits (g) between the pouches and the arms serve as genital 
openings and for the entrance of water for respiratory pur- 
poses. In the inter-radial angles between the mouth plates 
are five large buccal plates (b), one of which serves as a 
madreporite. The aboral surface of the disc (fig. 58 B) is 
in most cases covered with numerous small plates, but 
usually there is at the bases of the arms on each side a 





Fig. 58. A. Ophiura, Recent. Oral surface of disc and part of the arms. 
by buccal plates; g, genital slits; t/, ventral plates of arms. B. Ophioglypha, 
Recent. Aboral surface, r, radial plates; I, lateral plates of arms; d, dorsal 
plates of arms, x 1 J. 



large plate, the radial (r). Some forms have a primary circlet 
of plates similar to that mentioned for the Asteroidea (p. 123). 

The mouth-angle plates are fused with the proximal pair 
of ambulacrals to form stout jaws. A single stout plate, the 
torus, situate at the mouth extremity of each pair of jaws, 
carries strong spines or teeth which are used for grinding. 

The Palaeozoic Ophiuroidea differ from recent forms in 
several respects. All the best known forms are devoid of 
ventral plates covering the groove. The radial water vessels 
are protected by outgrowths of the ambulacral ossicles which 
form a closed canal. The opposite members of each pair of 
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ambulacral ossicles are not fused into single vertebrae. 
There are no buccal plates, and the madreporite is a separate 
plate. The vertebrae of some genera possess articulating 
knobs and prominences similar to those in recent forms. 
The principal Palaeozoic genera are : 

Lapworthura. Disc circular, composed of small spicules. 
The halves of each vertebra (ambulacrals) are opposite. Ludlow 
Beds. Ex. L. miltoni. 

Euzonosoma. Disc with concave edges, bordered by a single 
row of marginal plates. Ambulacral plates alternating. Ordo- 
vician to Devonian. Ex. E. petaloides, Devonian. 

Protaster. Disc composed of overlapping scales. Ambu- 
lacral ossicles alternating. Silurian. Ex. P. sedgwicki, Ludlow 
Beds. 

Distribution of the Aster ozoa 

The Asteroidea have a wide distribution in thfe ocean 
at the present day; they are most abundant at moderate 
depths, but also occur in abyssal regions. 

The majority of the Ophiuroids live in shallow water, 
more than half of the known species being found at a depth 
of less than 30 fathoms, and most of these not extending 
lower. Other forms occur at greater depths, some species 
being found below 1000 fathoms. 

The earliest representatives of the Asterozoa at present 
known are found in the Upper Cambrian. Complete speci- 
mens are usually rare as fossils since the skeleton readily 
breaks up after death, but at some horizons and localities 
numerous examples have been found, viz.: Lower Ordo- 
vician of Bohemia; Upper Ordovician of Thraive Glen, 
Girvan; Wenlock Beds of Gutterford Burn, Pentland Hills; 
Lower Ludlow of Leintwardine, Herefordshire ; Lower De- 
vonian (Budenbach Slates) of the Rhine ; Lias of Whitby 
and Lyme Regis ; Corallian (Calcareous Grit) of Yorkshire ; 
Upper Chalk of Bromley, Kent. 
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The classification of the fossil Asterozoa is not yet settled. 
The following Palaeozoic genera are closely allied to the 
recent Asteroidea — Hudsonaster, Mesopalceaster, and Promo- 
palceaster (Ordovician and Silurian), Xenaster and Devonaster 
(Devonian); these genera show, to some extent, charac- 
teristics found in the young of recent forms, for they usually 
possess a comparatively simple skeleton and have a very 
distinct primary circlet of plates in the centre of the aboral 
surface of the disc. 

An extinct branch of the Asteroidea is formed by the 
Palaeozoic genus Urasterella and its allies ; the disc of these 
forms is small and the arms are long and thin ; the adambu- 
lacral plates are broad and possess a distinct ridge which 
bears stout Ophiuroid-like spines. 

Some Palaeozoic Asterozoa have an Asteroid shape and 
Asteroid-like ambulacrals, but the madreporite, when known, 
is on the oral surface, and they show other peculiarities 
of structure which ally them with the Ophiuroidea rather 
than with the Asteroidea; these include Stenaster (Ordo- 
vician), Helianthaster (Devonian), Palasteriscus (Devonian), 
Sturtzaster, Rhopalacoma and Bdellacoma (Lower Ludlow). 

Well-known Palaeozoic Ophiuroids are Lapworthura (Lud- 
low), Euzonosoma (Ordovician to Devonian), Protaster 
(Ludlow), and Onychaster (Devonian and Carboniferous). 

Forms very similar to living Ophiuroids are found in 
the Jurassic and have been referred to the recent genera 
Ophiura, Ophiolepis, and Ophiocten. In the Cretaceous 
Ophiura and Amphiura occur. A few forms, such as Ophio- 
glypha, have been found in the Eocene. 

The Asteroidea in the Jurassic formations closely re- 
semble living forms and have been referred to the genera 
Astropecten, Solaster and Plumaster. The Asteroidea of the 
Cretaceous are found chiefly in the Chalk where isolated 
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marginal plates are often abundant and can be used for the 
determination of zonal horizons; the principal genera are 
Metopaster, Mitraster, Crateraster, Pycinaster, Galliderma and 
Stauranderaster. In the Cainozoic rocks of England star- 
fishes are rarely found. 

CLASS II. ECHINOIDEA 

The echinoids or sea-urchins have usually a globular, heart- 
shaped, or discoidal body, covered with spines. [The shell 
or test is covered by a layer of ectoderm and consists of 
numerous calcarejou^platesji Which, in the majority of cases, 
are immovably united} Nothing corresponding to the ambu- 
lacral groove of the starfish is to be seen on the surface, 
since the (water- vascular system is internal to the skeleton, 
and as a result the tube-feet, in order to reach the exterior, 
must pierce the plates of the test. The mouth is on the 
inferior surface, and is either central or in front of the centre. 
The anus is either at the summit of the tesfc or posterior to 
it, somewhere along a line drawn from the summit to the 
centre of the base, jftn the regular echinoids both anus and 
mouth are central — Tieing placed at opposite poles of the 
test; in the irregular echinoids the anus is always, and the 
mouth often, excentri((fj In the test we may distinguish three 
parts : a small patch of plates placed at the summit, known 
as the apical disc or apical system; the main part of the 
test termed the corona; and the part between the mouth 
and the lower margin of the corona, which usually bears 
plates and is known as the peristome! 
i In a typical echinoid of the regular group (e.g. Echinus) 
the anus is placed within the apical disc (fig. 59 B), which 
then consists of the following parts. Near the centre is 
the anus (a), which is surrounded by a membrane bearing 
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small plates and known as the periproct (p). The peri- 
proct is encircled by a ring formed of ten plates, five are 
called genital (g) and five ocular (o). The genital plates 
form the inner part of the ring; they are often more or 
less hexagonal in outline, and are usually provided with a 





Fig. 59. A. Diagram of the upper surface of a regular echinoid, with 
the tubercles and spines omitted, a, ambulacral areas; b, interambulacral 
areas; p, pores in the ambulacral plates. 

B. Apical disc of Echinus esculentus, Recent, a, anus; p, periproctal 
membrane with small plates; g, genital plates, each with a pore; w, 
madreporic plate; o, ocular plates, x 1J-. 



perforation which serves as the opening for the genital 
ducts — whence their nam^f;(one, the anterior right, is pierced 
by numerous pores and is the madreporic plate (m). Outside 
the genital plates and alternating with them are the ocular 
plates; these are smaller than the genital and usually 
triangular or pentagonal, |and each has a perforation through 
which the terminal tentacle of the radial water- vessel pro- 
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jects; this is pigmented and has sometimes been regarded 
as a rudimentary visual organ. 1 ! 

|f In most of the regular echinoids the a pical disc is large 
but particularly so in Cidaria, Salenia, Teltastes, and their 
allies. In a few regular forms (fig. 60 D) the genital plates 
are completely separated from one another by the oculars, 
so that a single row of ten plates encircles the periproct; 
in others, some only of the genital plates are separated 
by oculars. /When the oculars separate the genitals and 
touch the periproct they are said to be insert (fig. 60 D) ; 
when they do not touch the periproct they are exsert (A)i 
Each genital plate has usually one perforation only, but in 
many Palaeozoic forms (fig. 60 D) there are three or more, 
and in Cidaris often two. Similarly the oculars in a few 
Palaeozoic echinoids have two perforations instead of one. 
In Salenia and Peltastes there is an extra plate in the apical 
disc; it is in front of the periproct and is known as the 
sur-anal plate] (fig. 60 A, b). 

|\In the irregular echinoids the apical dis c is small , since 
it does not enclose the periproct. The madreporic plate 
may extend to the centre of the disc (fig. 60 E, m), and 
sometimes (Sjpatangns) reaches to the posterior border, 
separating the posterior oculars (G). The posterior genital 
is sometimes absent^ (60 B), and when present may be 
without a perforation (F).f In Echinocorys and Holaster 
the apical disc is elongated, and the anterior genitals are 
separated from the other genitals by two oculars which 
join in the middle, and the posterior genital is absent 
(fig. 60 B) ; in Colly rites (C) the apical disc is still more 

1 The genital plates are sometimes termed basals and the oculars are 
also known as radiate, since, by some authors, they have been considered 
to represent the plates which bear those names in other groups of the 
Echinoderma. It is more probable that, although occupying similar 
positions, they have originated independently in the different groups. 

9-2 
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elongated, since the two posterior oculars are separated 
from the rest of the apical disc by a chain of small plates. 
In Clypeaster (H) the genital plates are fused together. 




Fig. 60. Some types of apical disc. A. Peltastes wrighti. Lower Greensand. 
B. Echinocorys vulgaris, Upper Chalk. C. Collyrites bicordata, Corallian. 
D. Palceechinus, Carboniferous Limestone. E. Conulus subrotundus, 
Chalk. P. Holectypus hemisphwricus, Inferior Oolite. G. Spatangus 
purpureus, Recent. H. Clypeaster rosaceus, Recent. In the figures the 
ocular plates are distinguished by dots, the genital plates by lines. 
?n, madicporie plate; a, a nun; b, sur-anal plate. All enlarged. 

The corona in a typical echinoid consists of twenty 
columns of plates, each column extending from the apical 
disc to the peristome. The plates are of two kinds, am- 
bulacral (fig. 59 A, a) and interambulacral (/>); there are 
live double columns of ambulacrals separated by five double 
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columns of interambulacrals ; each double column is termed 
an area. The former end against the ocular plates, the latter 
against the genital, and in each case fresh plates are de- 
veloped next the apical disc J In each area the plates alter- 
nate on either side, and since their Inner ends are angular, 
the line between the two rows is zig-zag. 

| The ambulacral plates are smaller and more numerous 
than the interambulacral, and they are perforated by pores 
(p) for the passage of the tube-feet to the exterior) a radial 
water-vessel being placed in the middle line under each 
ambulacral area.lThe pores\are usually round, but some- 
times elongated ; in most cases they are situated in the outer 
portion of the plates and^are generally in pairs Jifeach pair 
of pores corresponds to a single tube-foot, since each tube- 
foot divides at its base into two canals. Frequently each 
pair of pores is surrounded by an oval raised rim, the 
pen^odium (fig. 61); the two pores in eaclt pair are some- 
times horizontal, but usually inclined so that the inner pore 
is lower than the outer pore, fin some echinoids,l such as 
Cidaris, and all the Palaeozoic general each ambulacral plate 
is formed of one piece only (as in tig. 59) — such plates are 
called simple or primary. In other cases some of the ambu- 
lacral plates are compound, consisting of two, three or more 
small plates which have become fused together; but the 
original plates are still indicated by the lines of suture 
between them|and also by a pair of pores on each (fig. 01); 
[in some genera (fig. 61 A) the plates which are united are' 
all primaries — that is to say, each extends from the margin 
to the middle line of the ambulacral area; but frequently 
some of the plates taper away and do not reach the middle 
line (or inner edge of the compound plate) — such are called 
demi-plates (e.g. the middle plates in fig. 61 B, the upper 
plate in fig. 61 C). Others, termed occluded plates, start from 
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the inner margin of the compound plate but taper away 
before reaching the outer margin. Some, known as included 
plates, do not reach either the inner or outer margih (e.g. 
the lower plate in fig. 61 C). This fusion of plates appears 
to be due to growth -pressure — since each plate of the test 
is enlarging and new plates are being added next the apical 
disc; also the perignathic girdle (p. 141) interferes with the 
passage of the ambulacral plates on to the peristome. The 
fact that some of the fused primary plates are smaller than 
others, and also the presence of demi-plates, is attributed 




Fig. 61 . Compound Ambulacral Plates. A. Psevdodiadema hemisphcericum, 
from the Corallian, formed of three fused plates. B. Phymosoma Jcoenigi, 
from the Chalk, formed of six fused plates. C. Stomechinus perlatus, 
Upper Jurassic, three plates, each formed of three fused plates, with 
trigeminal pores. The upper plate is a demi-plate; the middle one a 
primary; the lower an included plate. Enlarged. 

to the reduction in size of the original plates by the absorp- 
tion of material under pressure. The pores in the ambulacra 
of some echinoids are placed one immediately above the 
other, so that one vertical row of pore-pairs is seen — such 
pores are termed unigeminal or uniseriaU(figs. 59, 61 A, B); 
in other cases the pore-pairs are alternately near to, and 
more distant from, the margin of the ambulacral plate, and 
consequently two vertical rows are formed, and the pores 
are said to be bigeminal or biserial; in a similar way three 
or more vertical rows of pore-pairs may be produced, when 
Jbhe pores are known as trigeminal (fig. 61 C) or polygeminall 
Sometimes the pores in each pair are united by a groove 



ECH1NOIDEA 135 

on the surface of the plate, and are then termed conjugate. 
In some sea-urchins each ambulacral area has a leaf-like 
or lanceolate form on the upper surface of the test (fig. 71). 
In such cases the two rows of' pores in each area diverge 
rapidly after leaving the apical disc, and then come together 
again before reaching the circumference (or ambitus), so that 
the five ambulacra together form a rosette on the upper 
surface of the corona; the ambulacral areas in such cases 
are termed petaloid (e.g. Scutella, fig. 71), but when the rows 
of pores diverge to only a small extent they are sub-petaloid 
(e.g. Micraster, figs. 73, 74). In the petaloid or sub-petaloid 
part the ambulacral plates are low and numerous, and con- 
sequently the tube-feet are likewise numerous. The remainder 
of each area (mainly on the lower surface of the test) consists 
of tall plates, few in number, with the p6res irregularly 
developed or sometimes wanting. When, as in Cidaris, the 
distance between the two rows of pores increases uniformly 
and slowly in passing from the apical disc to the equator, 
and the pores are as well-developed on the under as on the 
upper surface of the test, the ambulacra are said to be 
simple (fig. 59). 

The advantage gained by the development of compound 
plates, which appear first in Triassic echinoids, seems to be 
to give a larger number of tube-feet in each vertical row. 
The bigeminal or trigeminal arrangement of pores causes 
the tube -feet to be spread over a larger area, and so in- 
creases their mechanical efficiency; the same result was 
attained by the development of numerous columns of plates 
in Palaeozoic echinoids (see below). Petaloid ambulacra 
are particularly well developed in flattened or cake-like 
echinoids, and in such forms the tube-feet have for the 
most part lost their locomotory function and have become 
respiratory organs. 
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With only a few exceptions the corona in the Mesozoic 
and later echinoids is formed of twenty columns of plates, 
as described above; but in the Palaeozoic echinoids, more 
than twenty columns of plates are found (fig. 70), except 
in Bothriocidaris (Ordovician) and Miocidaris; the former 
is remarkable in having only one column of plates in each 
interambulacral area, with the usual two columns in each 
ambulacral area (fig. 62). In other Palaeozoic forms the 
number of columns is variable and often great, so that the 
total number of plates in the corona becomes considerable : 
thus, Archceocidaris possesses two columns in each ambu- 
lacrum, and four in each interambulacrum (fig. 69); Oligo- 
porus has four ambulacral and from four to nine interam- 
bulacral columns; Melonechinus, six to twelve ambulacral, 
and from three to eleven interambulacral columns (fig. 70) ; 
Lepidesthes of from eight to eighteen ambulacral, and three 
to seven interambulacral columns; whilst Meekechinus has 
twenty ambulacral and three interambulacral columns. In 
these Palaeozoic forms each ambulacral plate possesses one 
pair of pores. 

In most echinoids the plates join by a vertical suture 
and the test is rigid, but in some genera the plates of the 
corona overlap to a slight extent, giving some flexibility 
to the test; such is the case in several Palaeozoic genera, 
and also in a few later forms, especially Pelanechinus from 
the Corallian, Echinothuria from the Chalk, and some living 
species of the deep-sea genera Asthenosoma and Phormo- 
soma. 

The plates of both the ambulacral and interambulacral 
areas areNrften provided with rounded elevations known 
as tubercles and granu le^ The tubercles are of various sizes, 
the largest being the primary , and those of smaller size 
the secondary. In a primary tubercle the following parts 
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may be distinguished: at the summit a hemispheroidal 
piece, sometimes perforated at the top, and known as the 
Xriamelo n (fig. 63 B, m). The mamelon rests on the boss (b), 
the upper margin of which is sometimes smooth, sometimes 
crenulated. (The base of the boss is frequently surrounded 
by a smooth excavated space, the areola or scrobicule (a), 
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Fig. 62. 



Fig. 63. 



Fig. 62. Bothriocidaris globulus, Ordovician. Interambulacral plates 
shown by thick outlines. (After Jackson.) xlj. 

Fig. 63. A. Spine of Cidaris florigemma, from the Corallian Rocks. 
a, acetabulum; h, head or base; c, collar; b, shaft or stem. B. Arabulacral 
plate of Cidaris (recent) with a large primary tubercle and secondary 
tubercles. In the primary tubercle, m, mamelon; b, boss; a, areola. 
Natural size. 

to which muscles from the spine are attached. ^The granules 
are smaller than the tubercles and have no distinct mamelon( 
I Attached to the tubercles are the spines or radioles i these 
are of different sizes and shapes in different genera and 
species and even on the same individual, being needle-like, 
rod-like, flask-shaped, etc.; the larger spines are attached 
to the primary tubercles, the smaller to the secondary 
tubercles. jfThey serve for protection and also assist in loco- 
motion.! At the end of the spine, where it articulates with 
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the mamelon, there is a rounded cavity, the acetabulum 
(fig. 63 A, a) ; next comes the head* (h) limited above by a 
ring or collar (c), which may be smooth or crenulated and 
serves for the attachment of the muscles that move the 
spine. Beyond the collar and forming the greater part of 
the spine is the shaft or stem (6), which may be smooth, 
or ornamented with ridges or rows of spiny processes. The 
microscopic structure of the spines (fig. 53 A) varies in 
different genera, and is of importance in classification. Pedi- 
cellariae (p. 123), which consist of a stalk with usually three 
blades, also occur, but are rarely found fossil. 

rn the surface of some irregular sea-urchins belonging to 
sub-order Spatangina (p. 149) there are bands which 
appear to be nearly smooth, but 
are covered with very minute- 
tubercles; in the living state 
they bear slender spines and 
their cilia produce a current of 
water which helps to keep the 
test clean. These „_bands are 
termed fasciolesjt and their posi- 
tion varies in different genera; 
sometimes they form a ring be- 
neath the anus (e.g. Micraster, 
fig. 64, c), when they are said to 
be sub-anal ; in other cases they 
encircle the rosette formed by 
the petaloid ambulacra (e.g. 
Hemiaster) and are said to be peripetalous ; or they extend 
round the margin of the test (e.g. Cardiaster). 
j On the lower surface of the test is the peristome (figs. 
64, a, 65) in the centre of which is the mouth. The peri- 
stomal membrane, which extends from the mouth to the 




Fig. 64. Under surface of Micra- 
ster cor-anguinum from the Upper 
Chalk, showing fasciole. a, peris 
tome; 6, periproot; c, fasciole. x j. 
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edge of the corona J is sometimes (e.g. Cidaris, fig. 65) com- 
pletely covered wirh rows of thin, overlapping plates, but 
more (usually bears five pairs of plates around the mouth 
and only small isolated plates on the remainder of the 
peristome jH or is without plates. Some of the plates are 
perforated and have been derived from the ambulacral 
areas; others are not perforated! fine plates of the peristome 




Fig. 65. Cidaris hystrix, Recent. Peristome and margin of corona. 
(After Loven.) 

are usually lost in fossil specimen* The peristome varies 
in shape, size, and position in different genera; it may be 
circular, pentagonal, or decagonal when the mouth is central J 
but becomes transversely oval when the mouth is anterior j 
its margin is entire in Palaeozoic echinoids and in the 
Cidaridae (figs. 65, 69), but in other regular echinoids and 
in the Holectypina there are ten notches or incisions, by 
which the five pairs of gills or branchiae pass to the exterior 
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The peristome is usually larger in the regular than in the 
irregular echinoids. In some irregular eehinoids belonging 
to the sub-order Spatangina (p. 149) the parts of the ambu- 
lacra near the peristome are depressed and leaf- like, with 
the pores close together, whilst the intervening interambu- 
lacra are convex •; this part of the corona has consequently 
a petaloid appearance, and is known as the floscellel The 




Fig. 66. Ithyncholam pas pacifica, Recent. Part of the oral surface 
showing the fioscelle. (After Loven.) 

ambulacral plates are low and numerous, each with a pair 
of pores, so that the tube -feet are numerous and serve to 
convey food to the mouth (fig. 66). 

A pyramidal or conical structure which functions in 
mastication, and is known as ^ristotle's lantern , is found 
in regular echinoids and in some irregular forms (Holec- 
typina and Clypeastrina).. The lantern consists usually of 
4 p calcareous pieces including five teeth which project 
througji the mouth. Numerous muscles are attached to the 
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calcareous parts, some of which serve to open or close the 
teeth and are attached to vertical plates at the margin of 
the peristome — these constitute what is known as the pep- 
gnathic girdle (fig. 67, 68). This' may consist of plates arising 
from the interambulacral areas only, known as apophyses 
(fig. 67), or there may be also processes from the sides of the 
ambulacral plates, termed auricled (fig. 68) ; and these may 
remain separate at their summits or unite to form an arch 
over each ambulacral area at the margin of the peristome. 

The first part of the alimentary canal passes through the 
axis of the lantern. The circular vessel of the water- vascular 
system forms a ring round the oesophagus at the top of 





- a 

Fig. 68. 

Fig. 67. Part of the perignathic girdle of Dorocidaris and Fig 68, Centre- 
chinus. a, margin of ambulacral area. Apophyses dotted; auricles plain. 

the lantern, and gives off five radial branches which pass 
through the auriclesiand up the middle of the inside of each 
ambulacral area ; lateral branches, which alternate on either 
side, coma off from the radial vessels and open into the 
tube -feet J The stone canal (p. 124) passes from the circular 
water vessel to the madreporic plate. 

| In the irregular echinoids there is a well-marked bilateral 
symmetry; aTpIane which passes through the anus (which 
is in thelniddle line of the posterior interambulacral area), 
the apical disc, and the mouth, divides the body into two 
similar parts} When the mouth is anterior (figs. 64, 73) the 
ambulacra differ considerably in size, and to some extent 
in structure ; the anterior one is shorter than the others and 
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sometimes, especially in burrowing forms (e.g. Spatangus), 
consists of taller and fewer plates, while the four other 
ambulacra are paired. The interambula,cra are also unlike — 
the posterior one forming a large part of the base of the 
test (fig. 72). The bilateral character is inconspicuous in the 
regular sea-urchins, but the plane of symmetry may be 
found by means of the madreporic plate, which is always 
at the summit of the right anterior interambulacral area. 

The Echinoidea may be divided into two Orders, (1) Re- 
gularia, (2) Irregularia. 

ORDER I. REGULARIA 



The peristome is at the centre of the ba se, and the anus 
within the apicaFdisc. The ambulacra are simple. Lantern 
present in all. The test is circular in outline, and the radial 
symmetry is almost perfect. 

1 . Endobranchiata 

Peristome entire. No external gills. Ambulacral plates simple. 
Ordovician to present day. 

Palaeechimis (fig. (>0 D). Test spheroidal or elliptical, rigid. 
Apical disc with five large genital plates, each with two to five 
perforations; ocular plates five, small, separating the genitals. 
Ambulacra narrow, straight, with two columns of plates; one 
vertical row of pairs of pores on each side of the area. Interam- 
bulacra wide, with four to six columns of plates at the ambitus, 
fewer towards the poles; plates hexagonal, except those next 
the ambulacral area, which are pentagonal; surface of plates 
covered with granules. Spines small. Carboniferous. Ex. 
P. elUpticuSy Carboniferous Limestone. 

Maccoya. Distinguished from Palceechinus chiefly by the 
ambulacra in the middle part of the test consisting of alternate 
primary and smaller plates — the latter are nearly or quite cut 
off from contact with the, interambulacral margin; the pore- 
pairs in this part of the test form two vertical rows. Carboni- 
ferous. Ex. M. intermedia. 
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Archaeocidaris (fig. 69). Test depressed spheroidal, plates 
overlapping. Ambulacra narrow, sinuous, formed of two rows 
of plates; pores unigeminal. Interambulacra of four columns 
of large plates, the middle ones being hexagonal ; each plate has 
a large primary perforated tubercle which bears a long spine, 
and small tubercles at the margin. Peristome covered with 
plates. Carboniferous and Permian. Ex. A. urii, Carboniferous 
Limestone. 

Melonechinus ( = Melonite8) (fig. 70). Test spheroidal, with 
melon-likp ribs from apex to peristome. Apical disc with five 
genital plates, each having from two to four pores; oculars 
without pores, separating the genitals. Ambulacra broad, con- 
cave on each side of a median ridge, with six to twelve columns 
of plates, each plate with a pair of pores; four plates at the 
peristomal edge of each area. Interambulacra consisting of three 
to eleven columns of small thick plates, which are pentagonal 
next the ambulacra, hexagonal elsewhere; tubercles very small. 
Jaws large. Carboniferous. Ex. M. multiporus. 
--^Cidaris (figs. 63, 65). Test spheroidal, the summit and base 
equally flattened. Apical disc very large, rarely preserved fossil, 
ocular plates large^^nd~exsert. ^ Ambula cra narrow, flexuous or 
nearly straight; plates numerous, simple, all similar in form, 
pores unigeminal; between the rows of pores are vertical rows 
of small tubercles and granules. Interam bulacra w ide, plates 
large, each with a primary tubercle which is perforated, and 
may be crenulated or smooth; areola large, surrounded by 
secondary tubercles, beyond which may be granules. Peristome 
large, without incisions, its membrane covered with plates. 
■Spines large, of various forms, generally ornamented with rows 
of granules. The term Cidaris is here used in the extended 
sense, and includes several divisions usually regarded as genera. 
Jurassic to present day; allied forms occur in the Trias. Ex. 
C. vincenti, Eocene; C. (Paracidaris) florigemma, Corallian and 
Kimeridgian. The Cidarids were abundant and widely distri- 
buted in Mesozoic times, and some species are found in the 
Eocene, Oligocene and Miocene. At the present day they live 
mainly in tropical and sub -tropical seas, especially in the 
Indo-Pacific region. Two species occur in the Mediterranean 
Sea. Cidaris is the earliest and most primitive of living echi- 
noids. 




Fig. 69. Archvrocidaris Wortheni, Lower Carboniferous. Ventral surface. 
Restoration based on Jackson's figures, x 1$. 




Fig. 70. Melonechinus multiporu8 y Carboniferous. Part of an ambulacral 
area (a) and an interambulacral area (b) from the equator of the test. 
Based on figures given by Jackson, x 2. 
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2. Ectobranchiata 

Margin of peristome with notches. External gills present. 
Generally some or all of the ambulacral plates compound, but 
sometimes arranged in groups" of two or three differing in shape 
and not fused together. Trias to present day. 

Peltastes (fig. 60 A). Test small, circular in outline, de- 
pressed. Apical disc very large, prominent, with a sur-anal 
plate in v front of the periproct; the madreporic plate has an 
oblique fissure. Ambulacra narrow, straight or slightly nexuous, 
with small tubercles; pores unigeminal except near the peri- 
stome; plates, primaries. Interambulacra wide, with large 
primary tubercles, which are imperforate, but may be crenu- 
late. Peristome slightly notched. Upper Jurassic to Chalk. 
Ex. P. wrighti, Lower Cretaceous. 

Salenia. Similar to Peltastes, but the periproct is on the 
right of a median line drawn from the anterior to the posterior 
margin. Lower Cretaceous to present day. Ex. *S. petalifera, 
Upper Greensand. 

Acrosalenia. Form similar to Peltastes. Apical disc rather 
large; genital plates large, the posterior smaller than the others 
and differing in shape. A sur-anal, and sometimes other extra 
plates, in front of the periproct, which is in the an tero -posterior 
lino and situated posteriorly. Ambulacral plates compound at 
and below the ambitus; pores unigeminal except near the peri- 
stome. Interambulacra with large perforate tubercles. Spines 
smooth or striated. Lias to Lower Cretaceous. Ex. A. spinosa, 
Inferior and Great Oolites. 

-^Hemicidaris . Test spheroidal, inferior surface flattened. 
Apical disc small.__ Ambulacra narrow on the upper surface, 
slightly nexuous, with two rows of tubercles which become 
smaller on the upper surface; plates at and below the ambitus 
compound, each formed of two to four fused plates; pores 
unigeminal, but bigeminal near the peristome. Interambulacra 
broad; plates large and few, each with a large perforate and 
crenulate tubercle, and also smaller tubercles and granules. 
Spines cylindrical, long. Peristome Jarge, with well -developed 
notches. Inferior OolitePlo Cretaceous. Ex. H. intermedia, 
Corallian. 
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Pseudodiadema (fig. 61 A). Test circular or slightly poly- 
gonal, sub -hemispherical, depressed. Apical disc and periproct 
large. Ambulacra straight, narrower than the interambulacra, 
with two rows of crenulate and perforate tubercles; plates com- 
pound, each consisting of three fused primaries, the middle being 
largest, usually with three pairs of pores on each plate, unige- 
minal. Interambulacra with two or more rows of primary crenu- 
late and perforate tubercles. Peristome large, decagonal. Lias to 
Cretaceous. Ex. P. pseudodiadema ( = hemisphericum), Corallian. 

Hemipedlna. Test circular or slightly polygonal, depressed. 
Apical disc rather large. Ambulacra narrow, plates formed of 
three fused primaries (but simple near the apical disc), pores 
unigeminal; two rows of tubercles, perforate, not crenulate. 
Interambulacra with two (sometimes more) vertical rows of 
primary, perforate, not crenulate tubercles. Spines of moderate 
length, finely striated. Peristome with slight incisions. Lias to 
present day. Ex. H. etheridgei, Lias. 

Diplopodia. Form and tubercles similar to Pseudodiadema. 
Pores bigeminal near the apex and peristome, unigeminal at the 
ambitus; plates at the ambitus composed of four primaries or 
sometimes the lowest plate is a demi-plate. Rhaetic to Lower 
Chalk. Ex. D. versipora, Corallian. 

Stomechlnus. Test hemispherical. Genital plates relatively 
large, projecting outwards; oculars small. Ambulacra wide, 
plates formed of three primaries — the middle one largest; 
pores trigeminal. On each ambulacral and interambulacral area 
are two vertical rows of primary, imperforate, non -crenulate 
tubercles, of about the same size on each area; also secondary 
tubercles and granules, usually numerous. Peristome large, 
with ten deep incisions. Inferior Oolite to Lower Cretaceous. 
Ex. S. bigranularis, Inferior Oolite. 

Phymosoma ( = Cyphosoma) (fig. 61 B). Form similar to 
Pseudodiadema. All oculars insert. Ambulacral plates high, 
compound, each may consist of four, five, or six fused plates 
(the middle ones being demi -plates) with the same number of 
pairs of pores ; two rows of primary imperforate tubercles ; pores 
unigeminal, but bigeminal near the apical disc. Interambulacra 
with two or more rows of primary imperforate tubercles. Peri- 
stome with small notches. Oxfordian to Eocene; common in 
the Chalk. Ex. C. koenigi, Upper Chalk. 
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Echinus. Test more or less hemispherical. Apical disc as 
in fig. 59 B. Ambulacra rather narrow, trigeminal, plates com- 
pound consisting of a lower primary, a middle demi -plate, and 
an upper primary or demi-plate. Two vertical rows of small, 
primary tubercles on each area, and often numerous secondary 
tubercles. Peristome rather small, circular, with small incisions. 
Pliocene to present day. Ex. E. woodwardi, Pliocene; E. escu- 
lentusy Pliocene and living. 

ORDER II. IRREGULARIA 

Th e anus i s outside the apical disc^in the mid-line of the 
posterior interamBulacral area. The mouth is either central 
or in front of the centre .TEe test is bilaterally symmetrical. 
Ambulacra simple or petaloid. Lantern and perignathic 
girdle may be present or absent. 

SUB-ORDER 1. HOLECTYPINA 

Peristome central, with notches. Lantern and perignathic 
girdle present. Ambulacra not petaloid: plates mainly 
simple, but some may be compound. Lias to Recent. 
Mainly Mesozoic. 

Gonulus ( = Echinoconu8, Qalerites) (fig. 60 E). Test conical, 
or almost hemispherical, inferior surface flat, outline pentagonal 
or oval. Apical disc small, with only four genital plates. 
Ambulacra narrow, straight, with some demi -plates; pores uni- 
geminal, but trigeminal near the mouth. Interambulacra with 
broad plates, tubercles very small, perforated and crenulated. 
Peristome small, central, decagonal. Periproct marginal or sub- 
marginal. Upper Greensand to Upper Chalk. Ex. C. albogalerus 
(conicua)y Upper Chalk. 

Holectypus. Test hemispherical, depressed, base excavated. 
Apical disc small; madreporic plate extending to the centre 
(fig. 60 F). Ambulacra narrow, straight, with some demi-plates; 
pores unigeminal, tubercles small. Interambulacra formed of 
rather large plates, with small tubercles. Peristome central, 
decagonal, with notches.' Periproct large, placed between the 
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peristome and the posterior margin of the test. Upper Lias to 
CoralJian; also foreign Cretaceous. Ex. H. hemisphericus, In- 
ferior Oolite. 

Discoidea. Form similar to Holectypus. On the base of 
the interior are ten vertical plates extending from the margin 
of the test towards the mouth, and placed one on each side of 
the ambulacral areas. Cretaceous. Ex. D. cylindrica, Chalk. 

Pygaster. Test large, depressed, outline pentagonal or cir- 
cular, base concave. Apical disc small; madreporic plate large, 
extending to the front of the periproct ; posterior genital absent. 
Ambulacra straight, simple; pores unigeminal; tubercles in 
cortical rows. Interambulacra wide, tubercles perforate. Peri- 
stome central, large, decagonal. Periproct very large, placed 
just behind the apical disc. Lias to Lower Cretaceous. Pygaster 
in a more restricted sense is found in the Middle and Upper 
Oolites; the Liassic and some Middle Jurassic species are sepa- 
rated imder the name Plesiechinus; the Cretaceous and some 
Jurassic species are referred to Macropygus. Ex. P. semisul- 
catus, Corallian. 

SUB-ORDER 2. CLYPEASTR1NA 

Peristome central, without notches. Lantern and peri- 
gnathic girdle present. Ambulacra petaloid, plates simple. 
Ocular and genital plates fused together. Upper Cretaceous 
to present day. 

Clypeaster. Outline sub -pentagonal or ovoid, usually trun- 
cated posteriorly ; base of test flattened but concave around the 
peristome; upper surface usually convex in the central part and 
sloping to the margin often forming a thin edge. Apical disc 
small, pentagonal, the genitals fused together (fig. 60 H). 
Petaloid parts of ambulacra broad, with the pores widely 
separated and conjugate. Tubercles small, sunk in depressions; 
spines very small. Periproct at or near the margin. Peristome 
central, sunk in a deep depression. Interior with partitions near 
the edge of the test. Miocene to present day. Ex. C. rosaceus, 
Pliocene and living. 

Scutella (fig. 71). Test much flattened, circular or sub- 
circular, broadest posteriorly; base flat, with branching ambu- 
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lacral furrows radiating from the small central peristome. 
Apical disc small, central, pentagonal, with central madreporic 
plate and four genital pores. Ambulacra petaloid, the petaloid 
parts unequal and nearly closed. Periproct small, infra- 
marginal. Tubercles very small. Interior of test with supports 
near the margin. Eocene, mainly Oligocene and Miocene. 
Ex. S. subrotunda, Oligocene; S. leognanensis, Miocene. 




Fig. 71*. Scutella leognanensis, Miocene. (From Nicholson.) 




SUB-ORDER 3. SPATANGINA 

Peristome excentric, without notches. Lantern and peri- 
gnathic girdle absent. Ambulacra commonly petaloid or 
sub-petaloid, the plates simple ; anterior ambulacrum often 
different from the others. The bilateral symmetry of the test 
is particularly well-marked. Lias to present day. 

Hyboclypeus. Test oval, depressed, anterior part usually 
more elevated. Apical disc elongated — the two anterior genitals 
separated from the two posterior by two oculars. Ambulacra 
simple, pores unigeminal. Interambulacra wide. Tubercles very 
small. Periproct next the apical disc, in a long groove on the 
upper surface. Peristome a little in front of the centre. Inferior 
Oolite to Corallian. Ex, H. gibberulus, Inferior Oolite. 

Nucleolites (= Echinobrissus). Test depressed; outline oval 
or quadrilateral, rounded anteriorly, truncated and broadest 
posteriorly; inferior surface concave. Apical disc compact, four 
perforate genital plates, and one imperforate. Ambulacra sub- 
petaloid, pores unigeminal, the outer pore elongated in the 
sub-petaloid part. Interambulacral plates wide, tubercles small. 
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Peristome oval or pentagonal, excentric, a little anterior. Peri- 
proct placed in a sulcus on the upper surface. Inferior Oolite 
to Lower Chalk. Ex. N. scutatus, Corallian. 

Glypeu8. Test large, flattened, more or less discoidal, with 
circular or pentagonal outline, and flat or concave base. Apical 
disc small. Ambulacra large, petaloid, pores unigeminal (except 
near the peristome), outer pore elongated and in a long groove. 
Peristome nearly central, with a floscelle. Periproct on the 
upper surface, often in«a sulcus. Tubercles very small. Inferior 
Oolite to Corallian. Ex. C. ploti, Inferior Oolite. 

Echinolampas. Test variable in form, more or less ovoid, 
often inflated above, sometimes hemispherical or conical. Apical 
disc small, a little in front of the centre; genitals fused. Ambu- 
lacra petaloid, pores conjugate; poriferous zones often of un- 
equal length. Tubercles small, perforate, not crehulate. Peri- 
proct oval, transverse, inframarginal. Peristome nearly central, 
transverse ; floscelle present, not much developed. Lower Eocene 
to present day. Ex. E. ellipsoidalis, Eocene. 

Gatopygus. Test small, oval, elevated, truncated behind, 
with flat base. Apical disc small. Ambulacra sub -petaloid, 
unigeminal, outer pore elongated in the sub -petaloid parts. 
Tubercles very small. Periproct high up on the posterior end. 
Peristome a little excentric, small, with a floscelle. Cretaceous 
to present day. Ex. C. columbarius, Upper Greensand. 

Collyrltes (fig. 60 C). Test ovoid, inflated. Apical disc greatly 
elongated ; at the anterior end are four perforated genital plates 
separated by two oculars, at the posterior end are two oculars; 
these two groups of plates are connected by numerous small 
plates. Ambulacra simple, pores unigeminal. The three anterior 
ambulacra meet at the anterior end of the apical disc, the other 
two meet at the posterior end. Interambulacra broad, tubercles 
small. Peristome excentric. Periproct above the posterior 
margin. Lias to Cretaceous. Ex. C. bicordata, Corallian. 

Echinocorys ( = Ananchytes) (fig. 60 B). Test very convex 
above, inferior surface flattened, outline oval. Apical disc 
elongated; only four genital plates, the two anterior separated 
from the two posterior by two large ocular plates. Ambulacra 
simple, pores unigeminal. Interambulacral plates large, tubercles 
small. Peristome anterior. Periproct oval, infra-marginal. 
Upper Chalk. Ex. E. vulgaris. 
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Holaster (fig. 72). Test heart-shaped, inferior surface more 
or less flattened, superior surface with a broad shallow groove 
in front. Apical disc elongate, the two pairs of genital plates 
separated by two oculars. Ambulacra large, simple; pores 
unigeminal, round or elongate; the anterior ambulacrum m the 
groove. Interambulacra with small tubercles and granules. 
Peristome near the anterior margin, elliptical. Periproct supra- 
marginaL Upper Greensand and Chalk; also Tertiary, in 
Australia. Ex. H. subglobosus, Lower Chalk. 




Fig. 72. Holaster subglobosus, Lower Chalk. Upper and 
lower surfaces, x J. 

Cardiaster. Form similar to Holaster, but anterior groove 
usually with sharp borders. Apical disc similar to Holaster. 
Pores elongate, unigeminal. Small perforate and crenulate 
tubercles. Peristome near the anterior margin, with a pro- 
jecting lip. Periproct on the posterior truncated end. Fasciole 
passes beneath the periproct and round the margin of the test. 
Cretaceous. Ex. G. ananchytis, Chalk. 

Micraster (figs. 64, 73, 74). Test heart-shape d or oval, 
truncated behind. Apical disc small, excentric; madreporic 
plate extending to the centre; posterior genital absent. Ambu- 
lacra sub-petaloid, placed in sunken areas, the sub-petaloid 
parts of the two anterior lateral longer than those of the two 
posterior lateral; pores unigeminaL The anterior unpaired 
ambulacrum in a deep groove, with its pores circular. Inter- 
ambulacra with large plates; tubercles small, perforate and 
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crenulate. Faseiole below the anus. Peristome near the anterior 
border, with a projecting lip (labrum). Periproct on the upper 
part of the posterior end. On the under surface the posterior 
interambulacrum bulges out forming a plastron. Middle and 
Upper Chalk. Sub-genera in the Tertiary. Ex. M . cor-anguinum, 
Upper Chalk. 




Fig. 78. Fig. 74. 

Fig. 73. M icr aster cor -bovis. Upper Chalk, x j. 

Fig. 74. Micraster cor-anguinum, Upper Chalk. Part of the right anterior 
ambulaeral area. xlL 



Epiaster. Form similar to Micraster, but usually more 
elevated. No faseiole Upper Cretaceous. Ex. E. gibbus, Upper 
Chalk. 

Hemiaster Form similar to Micraster. A peripetalous 
faseiole only. Pores slit-like in the petaloid parts of the ambu- 
lacra, except in the anterior ambulacrum. Cretaceous to pre- 
sent day. Ex. H. bailyi, Gault. 

Schizaster. Test heart-shaped, highest behind, with apex 
posterior to the centre. Anterior ambulacrum long, placed in 
a groove; other ambulacra petaloid and in deep grooves —the 
posterior pair much shorter than the an tero -lateral pair. E*eri- 



ECHINOIDEA 153 

stome near the anterior margin, with projecting lip. Periproct 
on the posterior truncated end of the test. A peripetalous 
fasciole, and usually also a lateral fasciole diverging from the 
former and passing beneath the periproct. Eocene to present 
day. Ex. S. d'urhani, Bracklesham Beds. 

Toxaster. Test sub-cordate, broadest anteriorly, highest 
posteriorly. Apical disc behind the centre. Anterior ambu- 
lacrum in a broad, shallow groove; other ambulacra level with 
the interambulacra or only slightly sunk, sub-petaloid, flexuous; 
posterior nair shorter than the anterior pair; pores elongate. 
Peristome interior, transverse. Periproct on the upper part 
of the posterior truncated end. Tubercles small, perforate. No 
fasciole. Lower Cretaceous. Ex. T. complanatus. 

Distribution of the Echinoidea 

►Some echinoids Jive at great depths in the ocean, no less 
than a dozen species having been found below the 2000 
fathom line, and one even at 2900 fathoms; but by far the 
larger number occur near the coasts in shallow water £thus, 
of the 297 existing species recorded by Agassiz, 201 are 
found in water of floss than 150 fathoms in depth! Echinoids 
are most abundant where the sea-bottom is rocky, sandy, 
or calcareous, and less common where it is muddy; con- 
sequently fossil forms are rare in clayey strata} Those found 
in deep water have a much wider range in space than those 
found in shallow water. Many genera, especially those with 
a considerable range in depth, have also a long range in 
time, some extending back to the Cretaceous or even to the 
Jurassic period, e.g. Hemipedina, Catopygus, Salenia, Herni- 
aster. 

/All the Palaeozoic Echinoids belong to the Endobranchiate 
division of the Regular groupf'With two exceptions* the 
corona is characterised by consisting of more than 20 columns 
of plates.fi/fn each ambulacral area the number ranges from 
2 to 20; each plate has one pair of pores, so that in some 



154 ECHINODERMA 

cases the number of tube-feet in each area was very large. 
In each interambulacral area the number of columns varies 
from 3 to 14. Some forms have a rigid test, but in many 
genera the plates of both areas overlap, so that the test was 
flexible. The ocular plates are generally insert, and the 
genital plates commonly have 3 or more perforations. 

Echino ids are rar e in Palaeozoic formations, esp ecially in 
thQ^ oT^re^CarboniferQus age. The earliest representatives 
are found in the Ordovician.! Bothriocidaris (fig. 62), from 
the Upper Ordovician of Russia, has been regarded as a 
Cystid, but is more probably an echinoid of a peculiar type, 
differing from all others in having a single column of plates 
in each interambulacral area, and in the ambulacral plates 
being as large as the interambulacrals with which they 
alternate. Also the pairs of pores in the ambulacrals are 
placed vertically, and the test was rigid. In Aulechinus 
from the Upper Ordovician of Girvan, and in Myriastiches 
from the Middle Ordovician, there are numerous columns 
of ambulacral plates and the test was flexible. 

|Three genera are known in the SilurianJjA.ll have flexible 
tests, with several columns of interambulacral platea Palceo- 
discus and Koninckocidaris have two columns of ambulacral 
plates, Echinocystis has four. *1In the Devonian Echinoids 
are still very rare! the genera represented being Eocidaris, 
LepidechinoideSy Bepidocentrus, and Nortonechinus. 

(In the Carboniferous the echinoids with numerous columns 
of plates in the corona reach their maximum development/' 
The genera with only two columns of ambulacrals are 
Archceocidaris (fig. 69), Maccoya, Palceechinus and Perischo- 
domus ; those with more than two columns of ambulacrals 
are Lepidesihes, Lovenechinus, Melonechinus and Oligoporus. 
Miocidaris, the earliest representative of the Cidarids, 
appears in the Carboniferous and Permian but is more 
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abundant in the Trias and Lower Jurassic;, it resembles 
Archceocidaris but has two instead of four columns in each 
interambulacral area, and is the earliest echinoid known 
in which the corona consists of 20 columns of plates. 1 In 
the Permian ther e are fe w echinoids ;I A rchceocidaris ancT 
Miocidaris are represented; Heelcechinus with 20 columns 
of ambulacrals and 3 columns of interambulacrals is the last 
representative of the type of echinoid characteristic of the 
Palaeozoic. 

/ In the Trias Echinoids are found in St Cassian, Bakony 
and Timor. \ All the characteristic Palaeozoic types have 
disappeared^ in most cases without leaving any descendants, 
$nd their place is taken by genera with only 20 columns 
of plates in the corona and a rigid test. The Cidarids are 
thechiefJorm^And they differ from Miocidaris in Tiavlrig 
a rigid instead* of a flexible test. ^Associated with the 
Cidarids are some other regular forms, the first representa- 
tives of the EctobranchiatesJ-forms with notches in the 
peristome, indicating the appearance of external gills, and 
with compound plates in the ambulacra. Some of these 
early Ectobranchiates differ but little from Cidarids, from 
which thoy appear to have been derived. 

^Iln the Jurassic rocks the echinoids are much more 
numerous, relatively to Jbhe other groups^of jknynals, than 
in the earlier formations ;j[they are comparatively rare in 
the fSalTarld the other clayey divisions, but very abundant 
in the calcareous beds, especially in the Inferior Oolite and 
the Corallian. Cidaris is abundant throughout, and the 
Ectobranchiates develop rapidly and are abundant in the 
Middle and Upper Jurassic, e.g. Acrosalenia, Diademopsis, 
Diplopodia, Hemipedina, Pedina, Pseudodiadema, Stom- 
echinus.i In the Lias Irregular Echinoids, belonging to the 
Holectypina, make their appearance. | One of the earliest 
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of these is Pygaster (Plesiechinus) which differs in structure 
but little from the Ectobranchiates, from which it has 
probably been derived. It is only just irregular, since the 
periproct touches the posterior end of the apical disc. In 
other genera (e.g. Holectypus) the irregularity becomes more 
marked owing to the shifting of the periproct further from 
the apical disc. Galeropygus is another genus of the Holee- 
typina which appears first in the Lias and is only just ir- 
regular and resembles in structure the early Ectobranchiates. 
The three genera mentioned all become abundant in the 
Middle and Upper Jurassie.^The more irregular group, the 
Spatangina, also appears in the LiasJ In most of the early 
forms the mouth is only a little in front of the centre, but 
later, in relation to a burrowing mode of life, it tends to 
move towards the anterior margin and then the test be- 
comes more distinctly elongate and the bilateral symmetry 
more marked. In these, owing to a change in feeding habits, 
the lantern and perignathic girdle 'disappear. Further, the 
ambulacral areas are now formed of simple plates. The 
principal genera of the Spatangina which are common in 
the Middle and Upper Jurassic are Clypeus, Collyrites, 
Hyboclypeus, Nucholites and Pygurus. 

f Inthe Cretaceous the echinoids are even more abundan t 
than in the Jurassic ! and attain a great development in the 
upper division of the system ; many of the genera found in 
the Lower Cretaceous occur also in the Upper Jurassic, 
but the irregular forms are more numerous than hitherto, 
and show a still greater development in the Upper Creta- 
ceous, where Micraster, Echinocorys and other allied genera 
are characteristic. The most important genera are: (I) 
regular, Cidaris, Pseudodiadema, Phymosoma, Peltastes, 
Salenia; (2) irregular, Discoidea, Conulus, Catopygus, Hemi- 
aster, Micraster, E piaster t Cardiaster, Holaster, Echinocorys. 
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The Clypeastrina make their first appearance in the Upper 
Chalk. 

jBetween the Cretaceous and Eocene there isj in Britain, 
a great break in the succession of the echinoids ; not a single 
species is common to the two systems,! and most of the 
genera also are different "fThis change is due in part to the 
great difference in the conditions under which the deposits 
were formecljthe Chalk being a comparatively deep-water 
formation, and the Eocene beds, shallow water; but the 
Eocene forms differ more from those of the Upper Chalk 
than from those of the Chalk Marl, the latter deposit having 
been formed in water of less depth. ^Throughout the English 
Tertiaries the echinoids are much rarer than in the Creta- 
ceous ;(in the Eocene this can be accounted for largely by 
the fact that the 3ea-bottom was for the most part muddy ; 
in the Oligocene by the prevalence of fresh -water and 
estuarine conditions; and in the Pliocene, by the lower 
temperature of the ocean. The London Clay echinoids 
belong to tropical or sub-tropical genera. The commonest 
forms in the Eocene of England are Hemiaster and Schizaster. 
In the Eocene of the South of Europe, North Africa, India, 
3tc, echinoids are numerous ; the regular forms are relatively 
less important than in earlier formations, but the Clype- 
a,strina and Spatangina, in this and subsequent deposits, 
become increasingly abundant ; the first group is represented 
by Clypeaster, Scutella, etc., the second by Echinolampas, 
Schizaster, Hemiaster, etc. The Pliocene echinoids found in 
East Anglia include some forms similar to those found in 
the North Atlantic, and others which show considerable 
affinity to species now living in the West Indian seas ; the 
principal genera represented are Echinus, Strongylocentrotus, 
Echinocyamus, Spatangus, and Temnechinus. 
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CLASS III. HOLOTHUftOIDEA 

This Class includes the sea- cucumbers. They possess an 

elongated and usually cylindrical body with the mouth at 

one end and the anus at the other; around the mouth is a 

circle of tentacles, which are really modified tube-feet. 

From the water-vascular ring five radial vessels are given 

off and end near the anus ; branches also go to the tentacles. 

In Synapta and its allies tube-feet (with 

the exception of the tentacles), as well 

as radial vessels, are absent. The stone - 

canal in almost all cases opens into 

the body- cavity. The integument is „. " , w , 

i *u A4.U i l * • l Fig. 75. A, B, anchor and 

leathery, and the skeleton is very poorly plate of Sy napta tenem, 

developed, consisting of minute isolated Recent. C, wheel of Chiro- 
pieces of various shapes, such as spi- tholZlntJ'Tnlarld 
cules, anchors, and wheels (fig. 75). 

At the present day the Holothurians are widely distri- 
buted, but owing to the nature of their hard parts they 
are rarely found fossil. Specimens found in the Middle 
Cambrian of British Columbia were regarded by Walcott as 
Holothurians and may possibly belong to this Class. The 
earliest known European forms, represented only by skeletal 
structures, occur in the Carboniferous rocks of Scotland, and 
in the Permian of Germany. Some specimens have been 
recorded from Jurassic, Cretaceous and later formations. 
An impression of the body of a Holothurian has been found 
in the Upper Jurassic of Solenhofen. Synapta has been 
recorded from the Oligocene. 
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II. PELMATOZOA 

The Pelmatozoa, unlike the Eleutherozoa, are generally 
sedent ary, bein g attached to the sea-floor or some foreign 
object "by the aboral surface, usually by me ansTof a Jointed 
stei&Tjn"nldst ; ~c"a¥e¥"€he~litta^climent is permanent, but it 
may be temporary only. The group is essentially distin- 
guished by the ciliated grooves which radiate from the 
mouth ; the cilia produce a current of water which carries 
small organisms to the upwardly directed mouth. The 
Classes of the Pelmatozoa are: (1) Crinoidea, (2) Cystidea, 
(3) Blastoidea, (4) Edrioasteroidea. 



CLASS I. CRINOIDEA 

The Crinoidea include the sea-lilies and feather- stars. The 
body consists of a stem, a calyx, and movable arms given 
off from the margin of the calyx (fig. 76). 

The calyx is more or less globular, or cup- or basin-shaped, 
and contains the digestive and other important organs. The 
mouth is either at or near the centre of the ventral or oral 
surface, and the anus, which is in the posterior inter-radial 
area, is also on the oral surface, and is usually situated at 
the end of a tubular process ; the alimentary canal is tubular 
and makes a complete coil around the cavity of the calyx. 
There is a groove on the ventral surface of each arm, and 
these grooves — the food-grooves — are continued over the oral 
surface to the mouth ; they are lined with cilia, by the move- 
ments of which food is conveyed to the mouth. There are 
five arms, but each may branch repeatedly. Immediately 
under the groove of each arm there is a radial nerve- cord ; 
these cords unite to form larger trunks and ultimately join 
as a ring round the mouth. Beneath the nerve of each arm 
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is a radial vesssel of the water-vascular system, which is 
continued over the oral surface and joins a ring round the 
mouth ; from this ring tubes (stone canals) hang down and 
open into the body- cavity, which communicates with the 
water of the exterior by means of pores. From the radial 
vessels tubes are given off to the tube-feet, which form a 
row on each side of the food-grooves, and function in respira- 
tion. In addition to the nervous system already mentioned, 
there is another supplying the aboral elements of the 
skeleton ; from a centre at the aboral pole of the calyx nerve 
cords are given off, which pass through canals in the plates 
of the calyx to the arms and pinnules, and also into the 
stem when present. All the organs of the body are thus 
radially symmetrical with the exception of the alimentary 
canal. 

The stem (fig. 76) in the crinoids is more or less flexible, 
and is sometimes several feet in length. It consists of a 
number of segments, known as columnals y which may be 
disc-like or pentagonal (occasionally square or elliptical); 
or they may be higher than broad, forming cylinders ; these 
columnals articulate by their flat surfaces, which are often 
provided with radiating striae or with ridges in the form 
of a rosette. Each columnal is pierced at the centre by a 
canal which is circular or pentagonal and contains a pro- 
longation of the aboral nervous system and vascular organ . 
The columnals are generally of different heights — larger 
plates being separated by smaller; the former are first 
developed, and the latter are those which are subsequently 
introduced between them. The lower (or distal) end of the 
stem may taper, but usually branches or expands and serves 
to fix the animal ; when a crinoid lives on a soft sea-floor 
it is fixed by a branching root-like structure (fig. 76), but 
when it is attached to a rock or other firm substance solid 
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calcareous material is secreted forming an encrusting plate 
or mass (e.g. Apiocrinus). In the course of evolution, and 
sometimes in the development of the individual (tig. 76), 
the stem at first consists of cycles of five plates (pentameres) 
alternating in position; subsequently the five plates of a 
cycle become horizontal, and afterwards fuse to form a single 
oolumnal. From the stem small branches known as cirri are 
sometimes given off; these have a structure similar to that 
of the stem, and are also pierced by a central canal. In the 
course of evolution cirri originate as root-like branches at 
the distal end of the stem, but subsequently they appear 
at higher levels and are then borne on some of the larger 
columnals. 

The part of the calyx below the origin of the arms is 
called the dorsal cwjp.(fig. 76); the part above them is the 
tegmen. The dorsal cup consists at its base of a cycle of five 
plates, known as basals (figs. 81,6; 82, c); but, owing to 
fusion, the number of basals is sometimes reduced to four, 
three, or rarely two. In some forms there is below the basals 
and alternating with them another row of plates (five or 
three), termed infra-basals (fig. 82, 6), and the base is then 
said to be dicyclic; when basals only are present, it is 
monocyclic. Above the basals, and alternating with them, 
is a cycle of five radial plates (figs. 81, r; 82, d) } which usually 
form the sides of the dorsal cup ; each radial is in a direct 
line with one of the arms. In some genera there are, between 
the two posterior radials, other plates, the anal inter-radiaU 
(figs. 81, a; 82, e). Sometimes there are inter-radial plates 
between the other radials as well. 

The arms are characteristic of the Crinoidea; they come 
off directly from the radials, and are formed either of a 
single or of a double row of plates, the brachials; when 
there is a single row the arm is termed uniserial (fig. 82); 
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Fig. 76, Botryocrinus decadaclylus, from the Wenlock Limestone — a 
simple form of Crinoid, seen from the posterior inter-radius. (From the 
Guide, to the Oeol. JJept., Brit. Mus.) Natural size. 
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when there are two rows it is biserial. In biserial arms the 
plates alternate with one another. The brachial plates are 
connected by muscles by means of which the movements of 
the arms are effected. The dorsal or outer surface of the 
brachial plates is rounded; on the ventral or inner surface 
there is a groove in which the soft parts, above described, 
are placed; and there is usually also a perforation below 
the groove, in which the dorsal nerve- cord is situated. The 
groove in the arms is covered over by a series of plates — the 
covering plates, which can be opened and closed, and serve 
for the protection of the soft parts. Where an arm branches, 
the brachial which supports two branches (figs. 76, 82, 83, a) 
has sloping sides, and is known as an axillare. Small un- 
branched appendages called 'pinnules occur on the arms of 
many crinoids (fig. 76) ; they are similar in structure to the 
arms, and are given off alternately on opposite sides. In 
living crinoids the genital products mature in the pinnules. 

The arms in simple types of crinoids are short, uniserial 
and unbranched, but in more advanced types they branch 
several or many times and may attain a great length, in 
this way the food supply is increased. The two branches 
formed at each division may be of equal thickness ; or all 
the branches on one side may be thin and those on the other 
thick ; or the branches may be alternately thick on one side 
and thin on the other. The character of the arms also shows 
a relation to habitat. Crinoids which live in deep or quiet 
water have long, thin arms, while those found in rough 
water have short and thick arms. 

The biserial arm arose from the uniserial type by the 
development of pinnules (fig. 77). In uniserial arms a pin- 
nule is borne at the distal end of each brachial, alternately on 
the two sides of the arm. Each plate is thicker on the side 
bearing the pinnule than on the opposite side. This difference 
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increases until the plates become wedge-shaped. Then the 
thin edge of the wedge ceases to reach the margin of the 
arm, and ultimately two rows of short brachials, meeting 
in the middle line of the arm, are developed, thus greatly 
increasing the number of pinnules in a given length of arm. 
In some forms, the earlier rows of brachial plates become 
firmly united to one another and to the radials (figs. 81, 
85, 2, 3, br); these fixed brachials have often been regarded 
as radials, but morphologically they are only brachials which 
have become incorporated into the calyx. The fixed brachials 
may be in contact at the sides, or, as in most Palaeozoic 




Fig. 77. Evolution from unisonal to biserial arms. (After Bather.) 

crinoids, they may be separated by other plates which are 
termed inter -brachials (fig. 81, ir). In the posterior inter- 
radial area (that which leads up to the anus) the inter - 
brachial plates are often more numerous than in the other 
areas, so that the radial symmetry of the dorsal cup is no 
longer perfect. 

In several groups of crinoids a tendency for the root to 
disappear is seen, so that the animal was no longer per- 
manently fixed but could moor itself by means of the cirri 
or bjr the distal end of the stem coiling around some object. 
In some cases this led to a complete or almost complete 
loss of the stem and the adoption of a free-swimming mode 
of life. In Millericrinus pratti (Jurassic) all stages in the 
process of reduction can be seen in different individuals, 
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from those with a long stem consisting of 70 columnals 
to those with a single ossicle fused with the base of the calyx. 
In Antedon a portion of the stem remains but is compressed 
and fused with the infra-basals into a single ossicle which 
bears cirri. In Saccocoma (Upper Jurassic to Chalk), Mar- 
supites and Uintacrinus (Upper Chalk) there is no stem, 
but a central pentagonal plate at the base of the calyx 
(fig. 84, c). In these genera the calyx is large, with thin 
walls, making a light body. In Saccocoma it is formed 




Fig. 78. Three stages in the evolution of the Tegmen. A, orals only; 
B, orals and ambulacrals; C, ambulacrals enlarged near the mouth (p). 
A8 f anus; P, peristomal plates; M f madreporic pores; 0, orals; i?, radial 
plate; x, anal plate; Amb, ambulacral plates. (After Bather.) 

mainly of the radial plates; in Marsupites of large infra- 
basals, basals and radials; while in Uintacrinus the calyx 
consists of a large number of small plates, owing to the 
incorporation of numerous brachials, inter- brachials and 
pinnulars. In Saccocoma and Uintacrinus the arms were 
long, suggesting adaptation for a pelagic mode of life; this 
accords with the wide geographical distribution of Uinta- 
crinus, which has been found in Europe, North America and 
Australia. 

The tegmen or oral surface of the calyx (figs. 78, 79) 
is usually more or less completely covered by plates. Some- 
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times (fig. 78 A) five large triangular plates (orals) only 
occur, between which are the food-grooves leading to the 
mouth ; but usually the oral plates become reduced in size, 
and other smaller plates appear — the food-grooves being 
usually covered by plates, sometimes called k ambulacrals ' 
(fig. 78 B, C), and between them there may occur numerous 
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Fig. 79. 



Fig. 80. 



Fig. 79. Tegmen of Taxocrinus intermedins, Silurian. A, anal ridge; 
Br, edged of brachial plates; iAmb., illAmb., HIIAmb., interambulacrals; 
O, oral plate. (From Bather, after Wachsmuth and Springer.) 

Fig. 80. Cactocrinus proboscidialis, Carboniferous. 1, specimen with one 
side of tegmen broken away; 2, food-canal from above; 3, convoluted 
organ from below. 7', tegmen; amb., tube formed of ambulacral and side 
plates enclosing food groove and water vessel; Br\ arm openings; 
g, convoluted skeleton of gut. (From Bather, after Meek.) x 1£. 



k interambulacral' plates (fig. 79). In the Camerate type of 
crinoid, which flourished in the Palaeozoic (e.g. Actinocrinus) , 
the tegmen consists of a complete vault or dome of stout 
plates concealing the mouth as well as the food-grooves and 
their covering plates (fig. 80) ; commonly this plated tegmen 
extends upwards around the anal process forming a tube- 
like covering (fig. 76). 
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The various plates of the crinoid skeleton are joined 
together by fibres of connective tissue continuous with 
those which form the organic basis of the plates. In some 
cases adjacent plates become fused owing to the deposition 
of calcareous material between them. 

In the genera described below, the basals, radials, and arms 
are five in number unless otherwise stated. 

A. Monocyclic Crinoids 

Platycrinus. Basals three, unequal. Radials large. Some 
fixed brachials. One inter-brachiai in each area — moro in the 
posterior (anal) area. No inter-radial. Arms bifurcating once to 



Fig. 81. Diagram of the plates of Actinocrinus triacontadactylus, Carboni- 
ferous Limestone. 6, basal plates; r, radials; 2, 3, fixed brachials; br, 
brachial plates; ir, inter- brachials; a, anal inter-radial. 

thrice, uniserial at the lower end, biserial above; pinnules long. 
Tegrn en with small plates ; anus sub-central, sometimes at the end 
of a long process. Stem long, section often elliptical. Devonian, but 
mainly Carboniferous. Ex, P. Icevis, Carboniferous Limestone. 
Eucalyptocrinus ( = Hypanthocrinus). Calyx deeply con- 
cave at the base; at the bottom of the cavity four basals, at 
the sides five radials; several cycles of fixed brachials, and some 
inter-brachials. Tegmen elevated, and forming a central anal 
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tube composed of five rows of large plates. Ten vertical parti- 
tions spring from the outside of the tegmen, forming compart- 
ments in which the ten arms rest. Arms biserial except at the 
base. Mainly Silurian; one Devonian species. Ex. E. decorus, 
Wenlock Limestone. 

Actinocrinus (fig. 81). Calyx pear-shaped, ovoid, or more or 
less spherical. Basals three, equal, forming a hexagon. Radials 
generally higher than wide. The first two rows of brachials 
firmly united. Inter-brachials numerous; and also one (pos- 
terior) inter -radial, above which the inter-brachials are more 
numerous than in the other areas. Tegmen formed of thick, 
tubercled, hexagonal plates, produced into a tube with the anus 
at the end. Arm -branches ten to thirty, biserial. Stem circular, 
canal pentagonal. Carboniferous. Ex. A. triacontadactylus, 
Carboniferous Limestone. 

Amphoracrinus. In essential structure agrees with Actino- 
crinus, but the dorsal cup is low with few inter-brachials. Anal 
tube short, excentric. Carboniferous. Ex. A, amphora. 

B. Dicyclic Crinoids 

Cyathocrinus (fig. 82). Calyx cup-like. Infra-basals small, 
equal, pentagonal. Basals large, hexagonal (except the posterior, 
which is heptagonal and supports the square inter -radial plate). 
Radials shield -shaped. Arms uniserial, very long, bifurcating 
from five to seven times, without pinnules. Tegmen produced 
into a long or short anal tube. Stem round, without cirri. Silurian 
to Carboniferous. Ex. C. longimanus, C. acinotubus, Silurian. 

Crotalocrinus. Dorsal cup similar to that of Cyathocrinus. 
Some fixed brachials present. Arms uniserial, dichotomous, the 
branches uniting so as to form lamellar expansions or networks ; 
pinnules absent. Tegmen nearly flat, formed of small plates with 
five large plates at the centre. Anus near the posterior margin. 
Stem thick, circular; canal pentagonal; root thick, branching. 
Wenlock Limestone. Ex. 6. rugostts. 

Botryocrinus (fig. 76). Calyx small, cup-shaped. Infra- 
basals pentagonal; basals hexagonal (except the two posterior, 
which are pentagonal); radials with the articular surface occu- 
P vm £ J to f of th^ width; two anal inter-radials, one as in 
Cyathocrinus, another below it on the right. Arms divide, 
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giving ten main branches which often bear smaller branches or 
pinnules. Anal tube large, sometimes coiled, anus near its base. 
Stem formed of low plates, often in five pieces. Silurian and 
Devonian. Ex. B. decadactylus, Wenlock Limestone. 

Poteriocrinus. Calyx with thin plates. Infra-basals equal. 
Basals high. Three anal inter-radials present. Radials with well- 





Fig. 82. Fig. 83. 

Fig. 82. Cyathocrinus longimanus, from the Silurian, a, portion of stem; 
b, infra-basal plates; c, basals; d, radials; e, anal inter-radial; /, first 
brachial. Reduced. 

Fig. 83. Pentaerinus fossilis, Lias. Calyx and part of stem and arm. 8, stem ; 
b, basal plate; r, radials; a, axillare; p, pinnules. (After Bather, 1898.) 

marked concave articular surfaces which do not occupy the 
entire width of the plates. Anal tube long. Arms long, branch- 
ing, with pinnules. (Devonian ? ), Carboniferous. Ex. P. crassvst 
Carboniferous. 

Woodocrimis. Like Poteriocrinus but calyx and arms usually 
shorter; anal tube inconspicuous. The arm-facet occupies the 
full width of the radial. Carboniferous. Ex. W. macrodactylue. 
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Encrinus. Calyx saucer-shaped. Infra-basals very small, 
generally concealed by the stem. Basals rather large, hexagonal. 
Kadials large, pentagonal. Two fixed brachials in each ray, the 
upper being axillary. No inter-brachials, no anal inter-radials. 
Arms bifurcating, the branches uniserial at first, then alternating, 
finally biserial ; with pinnules. Tegmen covered with plates. Stem 
long, with small canal. Trias. Ex. E. liliiformis, Muschelkalk. 

Pentacrinus (fig. 83). Calyx small, bowl-shaped, consisting 
of small infra-basals, basals*' and radials which project like 
spines over the stem. ArmsVery long, much branched, uniserial ; 





Fig. 84. Marsupites testudinarius, Upper Chalk. 1. Calyx from the side. 
2. Radials and arms, c, central plate; IB, infra-basals; B, basals; J?, 
radials; iBr, inter-brachial; /, fulcral ridge of radial facet; p, pinnules; 
s, junction of brachial plates. (From Bather.) 

the small branches all come off on the same side of each main 
branch. The arms bear pinnules. Stem long, pentagonal, with 
cirri coming off in whorls; the articular surfaces of the columnals 
with five raised, crenulate, petaloid parts which are narrow and 
quite distinct from one another. Jurassic. Ex. P. fossilis, Lias. 
Marsupites (fig. 84). Calyx large, globular; plates large and 
thin. Stem absent. Base formed of a large central pentagonal 
plate (c). Infra-basals pentagonal. Basals hexagonal. Radials 
pentagonal, with crescentic depressions for the articulation of 
the arms. Arms relatively short, bifurcating, uniserial; first 
brachial much narrower than the radial. Upper Chalk. Ex. 
M. testudinarius. 
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Ichthyocrinus. Three very small infra-basals; five small 
basals ; five radials ; two or three cycles of fixed brachials. Anal 
inter-radial small, below the right posterior radial. Arms in 
contact all round, interlocking, uniserial ; no pinnules. Silurian. 
Ex. /. piriformis. 

Sagenocrinus. Infra-basals small. Anal inter-radial sunk 
between basals; radials large. Numerous cycles of fixed 
brachials, separated by very numerous 
inter-brachials. Arms dividing, uni- 
serial; no pinnules. Silurian. Ex. S. 
expansus. 

Apiocrinus (fig. 85). Calyx large. 
Infra-basals enclosed by, and often 
fused with, the thick basals. Radials 
low, excavated on their upper surfaces. 
Four cycles of fixed brachials. Arms 
ten, bifurcating once or twice, uni- 
serial. Stem long, cylindrical, base 
expanded; the articular surfaces of 
the columnals radiately striated. The 
upper columnals are in contact at the 
periphery only. The upper part of the 
stem expands and passes gradually 
into the calyx ; the upper surface of the 
last columnal is provided with five ra- 
diating ridges between which the basals 
lie. Jurassic (Lower Cretaceous?). Ex. 
A. parkinsoni, Bradford Clay. 

Millericrinus . Allied to Apiocrinus. Usually the top 
columnal only is widened. Articular facets of radials and 
brachials well developed. Lias (? also Trias) to Lower Cre- 
taceous. Ex. M. pratti, Inferior and Great Oolite. 

Bourgueticrinus . Calyx small, with vertical or inwardly- 
sloping sides ; basals about half the height of radials ; two rows 
of fixed brachials; no inter-brachials. Free arms unknown. 
Stem long, the top columnal very large, as wide as the calyx; 
upper columnals with circular, others with elliptical, articular 
faces and a transverse ridge across the longer diameter. Cre- 
taceous. Ex. B. ellipticus, Chalk. 




Fig. 85. Apiocrinus parkin- 
soni, from the Bradford Clay. 
«, top columnal of the stem ; 
6, basal plates ; r, radial 
plates; 2, 3, and br y fixed 
brachial plates, x J. 
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Distribution of the Crinoidea 

Although not so numerous and varied as in the Palaeozoic 
period, the Crinoidea are represented at the present day 
by a large number of species belonging to about 100 genera. 
The unstalked forms are the most important (the Ante- 
donidae, ActinometridaB, etc.); these are widely distributed, 
and occur chiefly in shallow water, but some are found at 
considerable depths — Antedon extending from the shore- 
lino down to 2900 fathoms, and Actinometra down to 800 
fathoms. The stalked crinoids (e.g. Isocrinus, Bhizocrinus) 
are much less abundant than the unstalked forms, and are 
found mainly at great depths. In some cases the species 
of crinoids have only a limited distribution in space. 

In the Palaeozoic formations the crinoids are much more 
numerous than the other Echinoderms, their remains (chiefly 
stems) forming the main part of some limestone beds 
(crinoidal limestone or marble), as for instance in the Car- 
boniferous. The other Echinoderms are seldom sufficiently 
numerous to be of importance as rock-builders. The majority 
of fossil crinoids are stalked forms, and appear to have lived 
in fairly shallow water, since they are found in association 
with reef- building corals and other shallow- water organisms. 

Crinoids occur fi rst in the Tremadoc Bed s. In the Ordo- 
vi^^^Ulypto^vmTsy Dendrocrinus ,lind aTfew otKerahave 
been found. In the Si lurian, crinoi ds bec ome very much 
more^a^ndant, and ^attain thelrmaximum Sevelopment ; the 
Camerate type, of which both monocyclic and di cyclic forms 
occur, are important from now until the close of the Palaeo- 
zoic; the principal genera are Botryocrinus, Calceocrinus, 
Crotalocrinus, Eucalyptocrinus, Gissocrinus, Ichthyocrinus, 
Marsipocrinus, Periechocrinus, Pisocrinus, Sagenocrinus , 
Taxocrinus. In the Devonian, Cyathocrinus, Cupressocrinus , 
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Haplocrinus, Hexacrinus and others are common; in the 
Carboniferous, Actinocrinus, Amphoracrinus, Poteriocrinus, 
Platycrinus, B/iodocrinus, and Woodocrinus. Crinoids are 
found in the Permian of Sicily and Timor; Eutelocrinus , 
Timorocrinus, etc. The Palaeozoic genera do not survive into 
the Mesozoic, and throughout the Mesozoic formations 
crinoids are much less abundant than in the Palaeozoic. 
In the Trias the characteristic form is Encrinus; Isocrinus 
is also present. In the Jurassic, Antedon, Isocrinus, Penta- 
crinus, Saccocoma, Apiocrinus, and Millericrinus are found, 
the first two living on to the present day. The Cretaceous is 
characterised by Bourgueticrinus and the free-swimming 
Marsupites and Uintacrinus — the last two being confined to 
the Upper Chalk. In the Cainozoic, crinoids are very rare, 
but Antedon has been found in the Lower Eocene. 

CLASS II. CYSTIDEA 

The Cystidea vary considerably in structure. In some genera 
there is scarcely any sign of radial symmetry, but in others 
it is indicated by the food-grooves which radiate from the 
mouth over the surface of the calyx, and bear simple arm- 
like structures called brachioles (fig. 89). In forms with 
fewer plates in the calyx the radial symmetry becomes more 
distinct. The plates of the Calyx are perforated by canals. 
The stem is short, and in some genera absent. 

The most primitive type is seen in Aristocystia from the 
Ordovician (fig. 86). In this genus the body is ovoid or 
pear-shaped, and is formed of numerous polygonal plates 
without any regular arrangement except at the point of 
attachment; it is without food-grooves, brachioles or stem. 
The plates are perforated by canals perpendicular to the 
surface and distributed irregularly. The mouth (0) is at 
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the summit and the anus (As), covered by a pyramid of 
plates, is on one side. Dendrocystis, from the Ordovician 





Fig. 87. 

Fig. 86. Aristocystis bohemicus, Ordovician. I, side view. 2, oral view, x J. 

3, base, showing impression of gasteropod, x§. as> anus; 6, surface 

of attachment; g, genital opening; w, hydropore; o, mouth. (After 

Bather.) 

Fig. 87. Dendrocystis scotica, Upper Ordovician. x§. (After Bather.) 

(fig. 87), is similar to Aristocystis but a tapering stem, formed 
of two rows of plates, is developed ; and the calyx is laterally 
compressed, probably indicating that the animal lived in a 
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horizontal position attached by the stem. Other genera, 
such as Mitrocystis and Placocystis, show a further modifica- 
tion since the two sides of the calyx differ in structure. 

In Glyptosphcera (fig. 88 A), from the Ordovician, the 
calyx is spherical, and composed of a very large number of 
polygonal plates, which are without any radial arrange- 
ment. The mouth is at the summit of the calyx, and is 




Fig. 88. A. Olyptosphara leuchtenbergi, from the Ordovician of Russia, 
a, mouth covered by oral plates; 6, food-grooves; c, facet for the brachiole; 
d, anus; e, just above this is the triangular madreporite, just below is 
the circular genital aperture (after Volborth). B. A few plates of the 
same enlarged, showing the pairs of pores. C. Plates of Echinosphcera, 
with pore-rhombs, enlarged. 

covered by five oral plates (a), between which the five food- 
grooves start and extend in a radial manner over the upper 
part of the calyx sometimes giving off branches (b) ; at the 
ends of these grooves are facets (c) to which the brachioles 
were articulated. The grooves were protected by small 
covering-plates. On one side of the calyx is the anus (d), 
which in perfect specimens is covered by a pyramid of small 
triangular plates. Between the mouth and the anus is the 
madreporite (e ), which is the external opening of the water- 



17G 



ECHINODERMA. 



vascular system; just below it is the small, circular genital 
aperture. All the plates of the calyx are pierced by pairs 
of canals (diplopores) running per- 
pendicularly to the surface; the 
canals of each pair are joined by a 
U-shaped tube, and their external 
openings are enclosed in a raised 
or depressed area of oval shape (fig. 
88 B). The canals probably served 
in respiration by means of a thin- 
walled extension of the epidermis. 
In another group of the Cystidea 
the plates of the calyx are traversed 
by canals which are arranged in 
groups having a rhombic form ; one 
half of each rhomb is on one plate, 
the other on an adjoining plate (fig. 
88 C). The canals are parallel to 
the surface of the plates, and per- 
pendicular to the sutures between 
the plates. These groups of canals Fig 89 Le ^7 m>m5 qu adri 
are known as pore-rhombs. Echino- fasciatus, from the Wenlock 
sphcera, from the Ordovician, is a 
form which possesses many pore- 
rhombs ; it has a spherical calyx, 
consisting of numerous plates, some 
of which project at the base and 

probably served to fix the calyx, rhomb. (From the Guide to 
,, , . , , ,, the Oeol. Dept.. Brit. Mus.) 

there being no stem; around the Natura i size 

mouth are from three to five small 

arms. In most genera belonging to this group, the plates 

of the calyx are much fewer than in Echinosphcera, and 

have a distinctly radial symmetry being arranged in cycles, 




Limestone. Restored figure. 
The brachioles of the outer 
rows are erect; those of the 
middle row depressed. Near 
the top of the left-hand quarter 
is the anus; near the top of the 
right-hand quarter is a pectini- 
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the plates of each cycle alternating with those immediately 
below; for example, the calyx' of Lepadocrinus , from the 
Silurian (fig. 89), is formed of five cycles of plates; at 
the base is a cycle of four plates, followed by four cycles 
of five plates each; from the summit of the ovoid calyx 
four food-grooves stretch toward the base ; they do not rest 
directly on the calyx, as is the case in Glyptosphcera, but 
on specially-developed plates. Numerous brachioles come 
off from' each side of the food-grooves. In this genus there 
are only three rhombs, and they are of the more highly- 
developed type called pectini-rhombs, which differ from pore- 
rhombs in being surrounded by a raised rim and in having 
the folds of the plate more pronounced. In some other 
Cystideans of this group the brachioles are found near the 
mouth only. 

Distribution of the Cystidea 

The Cystideans are comparatively rare fossils. They range 
from the Middle Cambrian to the Devonian, and attain their 
maximum development in the Upper Ordovician. In the 
Menevian, Protocystis is found; this also occurs in the 
Tremadoc Beds, and with it Macrocystella. In the Ordo- 
vician, Aristocystis , Dendrocystis, Echinosphcera, Pleuro- 
cystis, Glyptosphcera and others are present; in the Silurian, 
Lepadocrinus, Pseudocrinus, and Placocystis. In the De- 
vonian there are fewer forms (Pseudocrinus, Jaekelocystis). 

CLASS III. BLASTOIDEA 

In the Blastoids (fig. 90) the body consists of a calyx, usually 
with a stem ; but the latter is rarely found attached to the 
calyx. The calyx may be spherical, oval, pear-shaped, or bud- 
like ; in most cases it is formed almost entirely of thirteen plates, 
arranged in a regular manner. True arms are not present. 



Deltoids 
Radials 
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- Root 



Fig. 90. Orophocrinus fusiformis, from the Carboniferous of Iowa. 
Restored figure. (From the Guide to the Qeol. Dept., Brit. Mu8.) Natural 
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Pentremites is the commonest^ Blastoid, and may therefore 
conveniently be taken as an example of the group. Its 
calyx (fig. 91) has the following structure. The aboral part 
is formed of a cycle of three plates — the basals (6), two of 
which are alike, and the third smaller. Above the basals 
is a cycle of five radial plates (r) ; these are larger than the 
basals, and form the main part of the calyx. At the upper 
end of each there is a deep incision, which serves for the 
reception of the food-carrying area (a); this is usually 




Fig. 91. Pentremites godoni, Carboniferous. A, side; B, upper surface* 
C, under surface, a, ambulacra; b, basal plates; r, radials; d, deltoids; 
s, spiracles around the mouth; an, anus, x 2. 

spoken of as an * ambulacrum', but there is no evidence 
of the existence of a radial water vessel, and it is doubtful 
whether this area is really homologous with the ambulacrum 
of an Echinoid. Above the radials and alternating with 
them occur five smaller plates — the deltoids (d) or inter- 
radials. The mouth is placed at the summit of the calyx, 
in the centre, and around it are five other openings termed 
spiracles (s), one of which is larger than the others and in- 
cludes the anus (an). From the mouth the five ambulacra 
(a) radiate towards the aboral surface, and are bordered 
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partly by the deltoids but mainly by the radials. Each am- 
bulacrum (fig. 92) consists of the following plates: in the 
middle is a long pointed plate (I), 
the lancet -plate, which is traversed 
by a longitudinal canal, in which 
a nerve may have been present. On 
each side of the lancet- plate is a row 
of small plates, the side-plates (s). 
Extending down the middle of each 
ambulacrum is the food-groove 
(a), which, in perfect specimens, is 
covered over by small plates. At 
right angles to this groove, on each 

side of it, are numerous grooves. 

A , , , , . f ,, m Fig. 92. Ambulacrum of Pen- 

Along the OUter margin of the Side- tr : mite8godonii Carboniferous. 

plates there is a row of pores, the I, lancet-plate; s, side - plate ;,p, 

marginal pores (p), formed by spaces P ore; a » fo° d -g roove ; ^ 8 pi- 
between adjoining plates. Beneath 

each ambulacrum are two hydrospires (fig. 93, h), one on 
each side. The hydrospire (fig. 94) is a flattened and folded 
organ, communicating with the exterior by means of the 
marginal pores, and also by the spiracles on the oral surface 
of the calyx. A current of water probably passed in through 
the former openings and out by the latter. In well-preserved 
specimens the mouth, as in many crinoids, is not visible ex- 
ternally, but is covered over by a roof of small plates. From 
the margins of the ambulacra pinnule-like appendages known 
as brachioles (fig. 90) are given off ; these are seldom preserved, 
but pits or facets to which they were attached are seen on the 
side -plates. 

The hydrospires are really folded parts of the radial and 
deltoid plates — the folds being parallel to the margin of 
the ambulacra. This is clearly seen in Codaster, which is 
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a more primitive form than JPentremites ; in that genus 
(fig. 95) the folds open directly to the exterior by slits, 
owing to the fact that they are not covered by the lancet - 
plate and side-plates; and on account of this circumstance 
spiracles are not developed. In some genera, in which the 
folds are concealed (fig. 96), the space below the lancet- 





Fig. 94. 

Fig. 93. Pentremites sulcatus, Carboniferous. Horizontal section of the 
calyx. I, lancet-plate; p, side-plates; r, radial plates; h, hydrospires (not 
quite correctly drawn, see fig. 94). (After Zittel.) Enlarged. 

Fig. 94. Pentremites, Carboniferous. Section across ambulacrum. br t 
brachiole; c.p. t covering plates; L t lancet-plate; o.s.p., outer side-plate; 
R, radial; 8.1. , sub-lancet-plate; 8.p., side-plate. (After Bather.) x5. 



plate and side-plates, into which the folds open, communi- 
cates with the exterior at the oral end by slits or incipient 
spiracles. A further modification is seen in Pentremites 
(fig. 94) in which, owing to the hydrospire being pushed 
further into the cavity of the calyx, the folds open into a 
common canal instead of into the space between the sum- 
mits of the folds and the overlying lancet-plate and side- 
plates; this canal opens orally by true spiracles (fig. 91 B, s). 



182 



ECHINODERMA 



The number of folds in each hydrospire varies from one to 
nine. In a few primitive types hydrospires are absent. In 
many Blastoids there are five pairs of spiracles and an inde- 
pendent anus, but in some genera (e.g. Pentremites) the pairs 
are confluent so that only five spiracles are present, of which 
the posterior encloses the anus. 

The ambulacra vary in width and length; they may be 
broad and petaloid or narrow and linear. In some genera 





Fig. 95. 



Fig. 96. 



Fig. 95. Codaster trilohalus, Carboniferous. Section across ambulacrum. 
(After Bather.) x 5. 

Fig. 96. Phceno8chi8ma verneuili, Carboniferous. Section across ambu- 
lacrum. (After Bather.) Enlarged. 

br.y brachiole; c.p. y covering-plate; L t lancet-plate; o.s.])., outer side -plate; 
R, radial; R.pr., part of radial; s.p. f side-plate. 



the alternate side-plates become squeezed towards the out- 
side of the ambulacrum; here they form an outer row, 
known as the outer side-plates, and are smaller than the 
plates of the inner row. The side-plates may be entirely 
at the sides of the lancet-plate (fig. 96), or they may rest 
on it and partly, or even completely, conceal it (fig. 95). 
The basals, radials, and deltoids vary considerably in relative 
size — thus the deltoids may be very small (as in Troosto- 
crinus), or they may form a con; arable part of the calyx 
(as in some species of Orbitremite. }. 
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The most important characters of the Blastoidea as a 
Class are found in the ambulacra and hydrospires, the 
absence of true arms, the monocyclic base consisting of 
three basals only, and the five incised radials. In a few rare 
cases, hydrospires have been found to be present in the 
Crinoidea (Garabocrinus, Hybocrinus). 

Godaster. Calyx in the form of an inverted cone or pyramid. 
Basals forming a conical and usually deep cup; radials large, 
with the forked parts sharply bent, forming part of the flattened 
upper surface of the calyx; deltoids and ambulacra confined 
to upper surface. A long lancet-plate, with side-plates, occurs 
between the deltoids and radials. Hydrospires consist of sharp 
folds of the calyx where the radials and deltoids meet, and open 
at the surface by slits. Mouth pentagonal, originally plated 
over; no spiracles; anus between the posterior deltoid and 
radials. Silurian to Carboniferous. Ex. C. trilobatus, Carboni- 
ferous. 

Orbitremites ( = Oranatocrinus). Calyx elliptical, ovate, or 
more or less spherical, in section pentagonal or round; with 
concave base. Basals small, not seen in a side view. Radials 
of variable size and forming part of the base. Deltoids generally 
rhombic, large in some species, small in others. Ambulacra 
narrow, straight, with nearly parallel sides. Lancet-plate nar- 
row. Hydrospires simple, usually with two or three folds only, 
dilated at the free ends; the inner fold forms a plate next to 
the lancet -plate. Spiracles five, round or oval, piercing the 
apices of the deltoids, the posterior one including the anus. 
Carboniferous Limestone. Ex. O. derbiensis. 



Distribution of the Blastoidea 

In England the Blastoids range from the Devonian to the 
Carboniferous, being most abundant in the latter. A few 
primitive types (Asteroblasius y Blastoidocrinus) occur in the 
Ordovician of Russia and Canada; and some others (Troosto- 
crinus, Godaster) are found in the Silurian of North America. 
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The English Devonian forms are rare and but little known. 
In the Carboniferous Limestone the Mastoids attain their 
maximum development; ten genera are represented, the 
most important being Codaster, Orophocrinus, Schizoblastus , 
Orbitremites and Mesoblastus. Pentremites is common in the 
Carboniferous of America, but is not found in Britain. 
A number of genera have been found in the Permian of 
Timor. 

CLASS IV. EDRIOASTEROIDEA 

The calyx in the Edrioasteroids (fig. 97 A) is usually com- 
posed of a large number of irregular plates, and in most 
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Fig. 97. Edrioaster bigsbyi, Ordovician of Canada. (From Bather.) 

A. Oral surface, amb, covering-plates over the anterior and left-anterior 
ambulacral grooves, but removed from the other grooves; ad, floor- 
plates of ambulacral grooves; p, pores between floor-plates; ps, peri- 
stome, the greater part of which is roofed by enlarged covering-plates; 
ia, interambulacrum; M, madreporite; As, anus. Natural size. 

B. Section across the same specimen through the right anterior ambu- 
lacrum and the left posterior interambulacrum. Lettering as in A. 
/, frame of stouter plates; w, membrane with overlapping plates 
thrown into five lobes {I). Natural size. 

C. Section across an ambulacrum with covering -plates (amb) over the 
groove (vg). Enlarged. 
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cases is flattened and more or less circular in outline; it is 
attached to some foreign body by the under part — a stem 
being rarely if ever present. The mouth is at the centre 
of the upper surface (ps), and is covered by plates; from 
it five ambulacra extend outwards over the upper surface 
of the calyx, and sometimes over part of the lower surface 
also. The ambulacra do not branch as a rule, but are fre- 
quently curved. The ambulacral grooves are covered by two 
rows of alternating plates (amb), similar to the covering- 
plates of crinoids. In Edrioaster and its near allies the 
floor of each groove is formed of special plates (ad), between 
or at the outer margins of which are pores (p) which may 
indicate the existence of tube-feet. Neither brachioles nor 
arms are developed in connexion with the ambulacra. The 
anus, which is covered by a pyramid of plates, is on the 
upper surface — in the area between the two posterior ambu- 
lacra (As). The calyx was more or less flexible in some cases ; 
and frequently around its border on the upper surface (but 
sometimes on the lower, fig. 97 B,/) there is a series of 
larger marginal plates, forming a framework, which, in 
combination with the five conspicuous ambulacra, gives the 
upper surface something of the appearance of a starfish in 
which the rays are not prolonged. 

The Edrioasteroids include only a few genera, and have 
usually been regarded as Cystidea, but differ in the absence 
of brachioles, and in the occurrence of pores between the 
flooring-plates, suggestive of the presence of a radial water 
vessel with tube-feet. 

Distribution of the Edrioaster video, 

The Class ranges from the Cambrian to the Carboniferous, 
and is best represented in the Ordovician. The principal 
genera are: Stromatocystis in the Cambrian; Cyathocystis, 
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Edrioaster and Steganoblastus (?) in the Ordovician; Pyrgo- 
cy$tis in the Silurian; and Agelacrinus and Lepidodiscus, 
ranging from the Ordovician to the Carboniferous. 1 

1 The genera Turrilepas (Silurian), Lepidocoleus (Ordovician to Devo- 
nian) and Plumulites (Ordovician to Devonian) have commonly been 
regarded as early forms of Cirripedes, but later work shows that this 
view cannot be maintained. It has been suggested that these and other 
allied genera may represent an early offshoot of the Echinoderm stock, 
for which the name Machceridia has been proposed. 



PHYLUM ANNELIDA 

CLASS CH^TOPODA 

The Chaetopoda include various forms of worms. The body 
issegmented and generally the segment s are numerous 
anSsimilar .. There is a ventral nerve-cord with ganglia, 
and a nerve-ring round the oesophagus connected with a 
pair of ganglia above it. A vascular system and a body- 
cavity (ccelom) are present. The cuticle is thin and flexible. 
The majority of the Chaetopoda possess bristle-like processes 
termed setae or chetae which assist in locomotion. There are 
two orders: (1) the Polychaeta, (2) the Oligochaeta, e.g. the 
common earthworm Lumbricus ; Protoscolex (Ordovician and 
Silurian) probably belongs to this Order. 

ORDER I. POLYCH^TA 

The members of this Order are nearly all marine, and are 
characterised by the possession of numerous setae arranged 
in bundles on each segment; the setae are usually placed on 
lobes or flaps on the sides of the segments termed parapodia. 
Tentacles are usually present on the head. Many forms live 
in tubes, which may consist of carbonate of lime, of chitinous 
material, or of grains of sand cemented together by a 
secretion; the tubes are sometimes free, but often attached 
to some foreign object. On account of the possession of this 
tube the polychaetous worms are often found fossil. Other 
forms, which do not live in tubes, are provided with minute 
chitinous jaws, and in some formations, especially the 
Ordovician and Silurian, these are abundantly preserved. 
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Serpula. Tube calcareous, long, round, angular or flattened; 
straight, curved irregularly or sometimes spirally, closed at one 
end; generally attached to some foreign object by a portion 
of its surface. Silurian to present day. Ex. S. gordialis, Chalk. 

Splrorbls. Tube calcareous, small, spiral, attached by one 
side. The spiral either left-handed or right-handed, the last 
whorl often produced into a free tube. Ordovician to present 
day. Ex. S. pusillus ( = carbonarius), Carboniferous. 

Distribution of the Chcetopoda 

Nearly all the worms which are found fossil belong to the 
Order Polychaeta; the earliest examples occur in the Cam- 
brian Beds. In addition to worm -tubes and jaws, there are, 
in various rocks, numerous trails and burrows, which are 
considered by some authors to have been formed by worms, 
but in many cases it is probable that they were made by 
other animals such as crustaceans and gasteropods. 



PHYLUM BRACHIOPODA 



Classes 

1. Inarticulata ... 

2. Articulata 



Orders 

(1. Atremata 
2. Neotremata 

1 . Protremata 



2. Telotremata . 



Sub-orders 



f 1 . Strophomenacea 

2. Orthacea 

[3. Pentameracea 

(I. Spiriferacea 

2. Rhychonellacea 

[3. Terebratulacea 



In the Brachiopods the soft parts of the^ animal are enclosed 
in a shell which is formed of two parts termed valv es,, one 
plac ed on the_jd prsal surface, the other on the ventra l. 
Generally the main part of the bocly occupies only the pos- 
terior portion of the shell. The interior of the shell is lined 
by the body-wall, and by the mantle, which is a prolonga- 
tion of the body- wall and is divided into two lobes, one 
occurring in each valve ; the space between the two is known 
as the mantle-cavity. The shell is secreted by the mantle. 
In most gener a the margin of t he mant le is thick ened, and 
carries numerous chiti noussetae. The mouth (fig. 98, v) is 
near the centre of the anterior surface of the body, and leads 
into an oesophagus, followed by a stomach, and an intestine. 
In the j&r ticulate brachiopods the intes tine is short and ends 
blindly, in the inarticulateforms it is long and ends in an 



anus which opens into the mantle-cavity . a The nervous 
system consists of a ring round the oesophagus, with gan- 
glionic enlargements from which nerves are given off to 
the arms, mantle, etc. The part of the body-cavity which 
surrounds the alimentary canal communicates with the 
mantle-cavity by means of two', or rarely four, funnel- 
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shaped canals, which serve as excretory organs. The bod} 
cavity extends into the mantle as a series of spaces cr 
sinuses $ these produce slight depressions on the interior of 
the valves, and can often be traced as ridges on the internal 
casts of fossil specimens (fig. 116). ^The body -cavity is filled 
with a fluid which is kept in motion 
by means of cilia! The heart is on 
the dorsal surface of the stomach. 
( Reproduction takes place sex- 
ually, and the sexes are usually 
separate. The genital organs are 
placed in the body-cavity, and in 
the sinuses of the mantle A 

Generally the greater part of 
the mantle-cavity is occupied by 
the l ophophore, consisting of two 
J ong pro cesses, given off from the 
sides of the moufli, known as arms 
6\brachia (tig. 98, d) 




The arms 
(or ten- 



Fig. 98. Magellania [ = Wald- 
heimia]flave8cens f Recent. Lon- 
gitudinal section, d (upper), 
cardinal process; d (lower), 
arms; h, cirri (tentacles); a, ad- 
ductor muscles; c, c', divaricator 
muscles; 88, septum; v, mouth; 
z, terminal part of alimentary 
canal. (After Davidson.) x 1 J. 



are covered with cirri 
tacles) (h), the cilia on which 
produce a current of water con- 
veying food to the mouth. Re- 
spiration is carried on mainly by 
the mantle, but possibly also to some extent by the arms.t In 
some brachiopods spicules of calcite are found in the mantle, 
and sometimes also in the arms and cirri. 

Of the two valves of the brachiopod. JJae jventral is near ly 
aTwaj£slarger than the dorsal; each is produ ced into a be ak 
o r_umbo (fig. 99). The ve ntral umbo i s more prominent 
than the dorsal ^ and has^ nerallyj eitheTa^tts^age^ of Juat 
beneath it, an opening. With a very few exception sjbhe 
shell of the brachiopod is equilateral, that is to say, a line 
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drawn from the umbo to the opposite margin divides it into 
two equal and similar parts. This character, combined with 
the inequ ality i n the size of the valves and the perforation 
at the umbo, renders it easy, to distinguish the shell of a 
brachiopod from that, of a lamellibranch.AJIn many forms 
th e two v alves are joined together by means of a hing e, 
these constitute tEe gr oup Articulata; in others they are 
held together by the muscles and the mantle only, these 
f orm tiiejna rticulata. The hinge consists of two short curved 
processes orteeth. given off from the ventral valve near the 




Fig. 99. Terebratula semiglobosa, Upper Chalk. A. Dorsal view. B. Lateral 
view, a, posterior; b, anterior; a — 6, length; c — d, breadth; e — /, thick- 
ness; g — h, hinge-line, x §. 

umbo, which fit into corresponding sockets in the dorsa l 
vajye.f In some genera (e.g. Orthis) the teeth are supported 
by plates (the dental plates) which are fixed to the inside 
of the ventral valve. The part of the margin of the valves 
where the teeth occur and on which the two valves move in 
the opening and closing of the shell is termed t he hinge-line 
(fig. 99, g — h). In some genera (Terebratula) this is short 
and curved, in others (Spirifer, fig. 1 13) it is long and straight, 
The posterior part of the shell is that near the hinge (fig. 
99, a), the anterior is the opposite margin (6). The length 
of the shell is measured from the anterior to tne posterior 
border (b — a). The breadth is at right angles to this, from 
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one side of the shell to the other (c — d). The thickness is 
measured from one valve to the other, perpendicular to the 
length and breadth (e — /). In some genera {e.g. Terebratula) 
the length is greater than the breadth, in others (e.g. Stropho- 
mena) the breadth is greater. [Between the hinge-line and 
the umbo there is in some brachio- 
pods (e.g. Cyrtia, fig. 100) a flat or 
slightly concave portion of the shell, 
usually triangular, on which the 
ornamentation of the rest of the j^ g> 100. Cyrtia exporrecta, 
shell is absent, the surface being Wenlock Limestone, o, umbo 
either smooth or with growth-lines ^| «£«& JJX 
parallel to the hinge ; this is known middle; b—c, hinge-line. (The 
as the hinge-area or cardinal area, pedicle opening in the delti- 
Tj i ,i i / dium is omitted.) Natural 

It may occur on both valves (e.g. size 

Orthis), vbut is sometimes found on 

the ventral valve only; and is due to the more extensive 

growth along the hinge margin than occurs in genera which 

have no hinge -area. 

Nearly all living bra chiopods are fixed to a r ock or other 
obje ct; but some f ossil forms were free, especially in old 
age (e.g. Productus). Some, like Crania, are attached Tiy the 
close adhesion of one valve to the rock; others (e.g. Stropha- 
losia) by spines given off from the surface of the shell. More 
commonly, however, the attachment takes place by means 
of a stalk or pedicle ; this is a cylindrical process^ in some 
genera long, in others short, \fixed to the ventral valve, and 
passing out either through an opening in the ventral valve 
(fig. 102 A,/ ) or between the umbones\(e.0. Lingula, fig. 106). 
It is composed mainly of supporting-tissue with a sheath 
of horny material, but in some forms there are muscular 
layers also. In Lingula, which commonly lives in burrows 
in the sand of the sea-floor, the contraction of the muscles 
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of the pedicle serves to withdraw the animal from the surface 
into its burrow. 

SThe opening for the passage of the pedicle varies con- 
siderably in different genera, and is a feature of importance 
in classification^ The simplest case is that found in Lingula 
and other similar forms, in which the ojsejiingagLflhared by 
both valves. In other types we find that the pedicle -opening 
is confined to the ventral valve; in Discina the opening is 
completely enclosed by the shell and is often near the centre 



^ ^ 





Fig. 101. Development of the deltidium in a — / a Jurassic Terebratulid; 
a, earliest stage; /, adult, g — -j, a Jurassic Rhynchonellid ; g t an early 
stage; j, adult. The deltidium dotted. Enlarged. (After Deslongchamps.) 

of the valve, consequently the pedicle comes out at right 
angles to the plane of the valves. jSome times, as in Orthis 
(fig. Ill), the pedicle-opening is in the form of a triangular 
fissure, under the umbo, known as the deUhyrium. In 
brachiopods belonging to the group Telotremata, a delthy- 
rium is found in young individuals, but subsequently be- 
comes partly closed by two plates, which grow inwards from 
the sides of the delthyrium and sometimes meet in the 
middle line (fig. 101). These two plates form the deltidium 
(fig. 102 A, d). tn Ehynchonella the two plates usually 
wp 13 
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meet, but a small circular or ovate opening (the foramen) 
is. left near the centre for the pedicle\ In Magellania (fig. 
102 A,/) the foramen truncates the apex of the umbo, its 
lower boundary being formed by the deltidium (d) ; in other 
genera the foramen may be at any point between the apex 
of the umbo and the base of the delthyrium.i In genera 




Fig. 102. Magellania [ = \V aldheimia] flavescens, Recent. A. Interior oi 
ventral (or pedicle) valve. /, foramen; d, deltidium; /, teeth; a, im- 
pressions of adductor muscles; c, c\ impressions of divaricator muscles; 
6, 6", muscles of the pedicle. B. Interior of dorsal (or brachial) valve, 
c, c', cardinal process; 6", hinge-plate; «, dental sockets; J, brachial 
skeleton; a, a', adductor impressions; c f point of attachment of the smaller 
divaricator. (After Davidson.) xlj. 



belonging to the Protremata and a few of the Neotremata, 
the delthyrium is more or less completely closed by a single 
plate known as the psevdo-deltidium\ (fig. 109 B); this at 
first sight closely resembles the deltidium, but is really of a 
different nature.. fit originates on the dorsal surface of the 
body, but subsequently becomes attached to the ventral 
valve, land then continues to grow by secretion from the 
pedicle. The deltidium, on the other hand, is formed by the 
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edge of the ventral lobe of the mantle and consists of a 
pair of plates which, in some cases, coalesce ./The pseudo- 
deltidium is developed at an earlier stage in the life of the 
individual than the deltidium, and grows from the apex 
of the delthyrium downwards, becoming fused to the ventral 
valve * 

\ The two valves of the brachiopod can be opened and 
closed by means of muscle s (fig. 98) ; those which o pen them 
are calle d the di varicators (c, c ), those w hich close them, 
1 ^^adductors^(a) . When the soft parts of thlTammal have 
been removed the places where the muscles were attached 
to the interior of the shell are indicated by a difference in 
the surface such as striation, or by slight depressions or 
elevations; these markings are termed the muscular im- 
pressions (fig. 102). In the articulate brachiopods there are 
generally five or six pairs of muscles. In the genus Magel- 
lania there are two pairs of divaricators (fig. 98, c, c') and 
one of adductors (a). Both pairs of the former are attached 
to a process (the cardinal process, fig. 102 B, c, c') on the 
dorsal valve between the teeth sockets, and one pair join 
the ventral valve near its centre (fig. 102 A, c), while the 
other pair, which are smaller, are attached nearer the pos- 
terior border (c'). Hence the dorsal valve forms with these 
two pairs of muscles a lever of the first order. The adductor 
muscles are united to the ventral valve near the centre 
(fig. 102 A, a) and form a single impression divided by a 
median line; these muscles bifurcate before reaching the 
dorsal valve and there form four impressions (fig. 102 B, a, 
a'). There are also muscles belonging to the pedicle which 
serve to retract it, one pair of these being united to the 
dorsal valve (fig. 102 B, 6"), the others to the ventral 
(A, 6, b"). In the Inarticulata the muscles are usually more 
complicated; thus, in Lingula (fig. 106) we find, in addition 

13-2 
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to the adductors and divaricators, muscles for moving one 
valve backward or forward in relation to the other, and 
others for giving a slight rotary motion. \ 

In many of the Protremata there is a concave or spoon- 
shaped plate, or trough, inside the ventral valve next to 
the middle part of the hinge margin. This is known as the 
spondylium and serves for the attachment of muscles \ It 
is sometimes supported on a median septum (fig. 112), but 
may be joined directly to the valve, and appears to be due 
to the convergence and union of the dental plates. 

f The arms, already mentioned as occupying in most genera 
the main part of the mantle- cavity, are generally coiled up^ 
In some forms they can be protruded a greater or shorter 
distance.'] Sometimes they are supported on a calcareous 
ribbon — the brachial skeleton — which is attach ed to th e 
Posterior^ art oft he dorsarvalvT^ the smes of t£ e cardinal 
process. In Rhynchonella (fig. 115 B, c) the brachialskeleton 
consists of two short curved processes known as the crura. 
In Terebratula (fig. 117) a ribbon -like, band comes off from 
the crura and forms a short loop.* In Stringocephalus 
(fig. 119) the loop is more extensive and runs parallel to 
and near the margin of the valves. j In Magellania (fig. 
102 B, I) the loop extends nearly to the anterior margin of 
the shell and is then bent back' upon itself^ In many 
Palaeozoic and a few Mesozoic genera the brachial skeleton 
is in the form of two spiral ribbons which come off from the 
crura; in Spirifer (fig. 113 A) the apices of the spirals are 
directed towards the lateral margins of the shell, in Olassia 
they point inwards, in Atrypa (fig. 114 A) upwards to the 
centre of the dorsal surface f Th e brachial skeleton is ab sent 
in al l the ina rtic ulate ge_a e_r&, as we ll as in some of the 
articulate form^belonging to the Protremata, such as Pro- 
a^ctus^nSAJhonetes . 
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The development of the brachial skeleton has been studied 
in some living species of Terebratulina, Magellanic, and 
Terebratella. In Terebratulina the adult form is reached 
almost directly; but in Magellania the brachial skeleton 
passes through various stages before the adult condition is 
attained ; and it is noteworthy that these stages are similar 
to the adult forms of certain other genera. Thus in Magellania 
venosa the brachial skeleton passes through stages which, 
in succession, resemble the brachial skeletons of the genera 
Gwynia, Cistella, Bouchardia, Megerlina, Magas, Magasella, 
and Terebratella, after which the adult condition is reached. 
Another striking fact is that some species, which have 
hitherto been referred to the genus Magellania, have a 
development differing from this; thus M. cranium passes 
through stages distinctive of the genera Owynia, Cistella, 
Platidia, Ismenia, Muhlfeldtia, and Terebratella. If the 
stages through which an individual passes in its develop- 
ment be taken to indicate its ancestry, then it follows that 
in Magellania there are two groups of species having different 
ancestors, and these two groups must therefore be regarded 
as constituting two distinct genera (see page 15). 

| The largest brachiopod known is Productus giganteus, 
from the C arboniferous Limestone iwhich has a breadth of 
twelve inches j the size oflthe shelTin different genera varies 
from this down to about a quarter of an inch. Generally 
the shell is thin, but in some forms, such as Daviesiella 
llangollensis, it is thick and massive. The external form 
varies considerably; it may be globular, ovoid, hemi- 
spherical, quadrilateral, or triangular. \ Usually both valves 
are convex, but in some genera, one "Is plane the other 
'wnye^Qor one may~be concave lirid the other convex; 
in the last case th<* space in the interior is often small. 
Sometimes there is a median depression or sulcus on the 
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anterior part of one valve (generally the ventral) and a 
corresponding ridge on the other valve, or there may be 
two sulci and two ridges (biplication). ?The surface of the 
shell is sometimes quite smooth, but is often ornamented 
with striae or ribs, which generally radiate from the umbones 
but are occasionally concentric. In a few forms the shell is 
covered with spines. 

fin the Articulata the shell is mainly calcareous. In the 
genus" MageWmia it is formed of three layers (fig. 103); 





Fig. 103. Fig. 104. 

Fig. 103. Vertical section of shell of Magellania flavescens, Recent, 
a, prismatic layer; b, chitinous layer; c, outer calcareous layer; e, d, 
canals traversing the calcareous layers. (After King.) Magnified. 

Fig. 104. Horizontal section through the prismatic layer of Terebratula 
maxillata, from the Great Oolite, showing prisms and canals. Magnified. 

the inner (a), next the mantle, is the thickest and most 
important, and consists of flattened prisms of calcite ar- 
ranged obliquely to the surface of the shell, each prism being 
encased in a membrane, which of course has. disappeared in 
the fossil examples. The middle layer (c) is lamellated and 
also calcareous. The outer (b) consists of chitinous material. 
The inner and middle layers are traversed by canals (figs. 
103,6,6?; 104) running at right angles to the surface of 
the shell, and containing prolongations of the mantle; in 
fossil specimens, in which the chitinous layer is not pre- 
served.' the openings of these canals can be seen on the 
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surface of the shell, giving it a punctate appearance. The 
shell is secreted by the mantle, its outermost border pro- 
ducing the chitinous layer, a zone just within this forming 
the lamellated layer, and the remainder giving rise to the 
prismatic layer which gradually encroaches on the pre- 
ceding; hence the last layer is the only one which can 
subsequently increase in thickness. In many forms the 
lamellated layer is absent, and in some (e.g. Bhynchonella) 
there are no canals traversing the calcareous layers. 

J The shell of the Inarticulata has a different structu re . 
In Lingula it consists of alternating calcareous and chitinous 
layers, the calcareous material being largely phosphate of 
lime; the canals which traverse these layers are more 
numerous and much smaller than those found in the articu- 
late forms. j In Crania the shell is calcareous and the canals 
branch near the surface. 

iln old age the valves of the brachiopod become thickened, 
and their margins truncated. The vertical diameter of the 
shell also increases, and the ornamentation tends to dis- 
appear on the marginal part of the valves. The umbones 
and adjacent parts may be resorbed. 

In the earliest or embryonic stage of development the 
shell is similar in character in all the genera which have 
been examined. This embryonic shell has been termed the 
protegulmn, and may sometimes be found at the umbones of 
adult shells, but generally, owing to its delicate nature, it has 
been worn off; it is semicircular or semi-elliptical in form, 
with concentric lines of growth, and is without an area; it 
is composed of horny material, and varies in size from -05 to 
•6 millimetre. From the constancy of the occurrence of the 
protegulum it has been inferred that the ancestral form of 
the Brachiopoda possessed throughout life a shell similar to 
the protegulum; but, at present, no brachiopod agreeing 
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entirely with the protegulum has been found ; for although 
Paterina (fig. 105), from the Lower Cambrian, is in many 
respects similar, yet the possession of an area distinguishes 




A 

Fig. 105. Micromitra {Paterina) labradorica, from the Lower Cambrian 
(Olenellus Beds). A. Ventral valve. B. Dorsal valve. Enlarged. 

it from a protegulum. \Rustella, also from the Lower Cam- 
brian, is now regarded as the most primitive brachiopod 
known.* 

The Brachiopoda can be divided into two Classes, (1) the 
Inarticulata, (2) the Articulata, 1 each of which may be 
divided into two Orders. 



CLASS I. INARTICULATA 

The valves are not provided with teeth, but are held 
together by the muscles and mantle. The intestine is long 
and ends in an anus. There is no brachial skeleton. The shell 
is usually formed to a considerable extent of chitinous 
material. 

ORDER I. ATREMATA 

The pedicle passes out between the umbones, the opening 
being shared by both valves. Lower Cambrian to present 
day. "" 

1 These classes have received other names, the Inarticulata being known 
by some authors as the Lyopomata t the E car dines y the Pleuropygia, or the 
Tretenteraia; a d the Articulata as the Arthropomata, the Testicardines 
the Apygia, or the Clistenterata. 
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Lingula (fig. 106). Shell thin, nearly equivalve, compressed, 
elongate-ovate or quadrilateral, tapering towards the umbones, 
slightly gaping at the extremities. 
Dorsal valve a little shorter than the 
ventral. Hinge-line slightly thickened. 
Twelve muscular impressions in each 
valve, but usually indistinctly marked. 
Surface of shell smooth, or concentri- 
cally or radially striated. Pedicle long, 
passing out between the umbones. 
Shell composed of alternating layers 
of calcareous and chitinous material. 
Ordovician to present day. Ex. L. 
anatina, Recent; L. ovalis, Kimeridge 
Clay. 

Lingulella. External form similar 
to Lingula; in the ventral valve a dis- 
tinct hinge-area and a groove for the 
pedicle*. Lower Cambrian to Ordovi- 
cian. Ex. L. davisi, Lingula Flags. 

Kutorgina. Shell calcareous, usually broader than long, 
with a long, straight hinge-line; surface with concentric striae. 
Ventral valve very convex, with an elevated umbo ; four pairs 
of muscular impressions. Dorsal valve flat or slightly convex, 
with a small umbo and two pairs of muscular impressions. 
Area of ventral valve narrow, with a wide fissure; dorsal area 
only slightly developed. A rudimentary hinge. Lower (? also 
Middle) Cambrian. Ex. K. cingulata. 



Fig. 106. Lingula anatiiui, 
Recent. Interior of valves 
showing muscular impres- 
sions. A, ventral valve. B, 
dorsal valve, u, umbonal 
muscle; t f transmedians ; c, 
centrals ; a, anterior laterals ; 
m, middle laterals; e, ex- 
ternal laterals, x £. 



ORDER II. NEOTREMATA 

The pedicle-opening is confined t o the ventral valve. In 
the lower TJypes (e.g. ; l'rematis) the opening isTnthe form 
of a triangular slit at the margin of the valve ; but in the 
higher forms, owing to shell-growth occurring all round the 
margin, it is completely surrounded by shell, and is often 
near the centre of the valve, in which case the pedicle 
passes out at right angles to the plane of junction of the 
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two valves. The valves are commonly more or less conical. 
Lower Cambrian to present day. 

Obolella. Shell ovate or sub-circular, lenticular, nearly equi- 
valve. Ventral valve with a solid umbo, and a small area with 
a tube for the pedicle in the middle ; one pair of long muscular 
impressions extend from near the hinge -line to the middle of 
the valve, between these are a pair of small impressions, and 
near the hinge-line a. third pair of small impressions. Dorsal 
valve with a minute umbo, a small area, an internal median 
ridge, and two long muscular impressions diverging widely. 
Lower Cambrian. Ex. 0. crassa. 

Siphonotreta. Shell elongate-oval, biconvex, inequivalve, 
with spines on the surface. Hinge-line curved; no area. Ventral 
valve the more convex, with a prominent, straight umbo, 
having a small foramen at its apex continued as a tube to 
the interior of the valve. Dorsal valve less convex, with 
umbo at the margin. Muscular impressions near the hinge - 
line in both valves. Ordovician and Silurian. Ex. S. micula, 
Llandeilo. 

Discina (group). Shell composed partly of chitinous ma- 
terial; sub-orbicular or sub -elliptical, surface smooth or covered 
with striae of growth. Valves more or less conical, the summits 
of both sub-central or sub -posterior. Pedicle-opening placed 
either near the summit of the ventral valve or a little behind 
it. Four adductor impressions. Ordovician to present day. 
Discina, in the wide sense, as defined above, includes the three 
genera Discina (restricted), Discinisca, and Orbiculoidea. 

Discina (restricted). Both valves convex. Pedicle-opening 
small, near the middle of the valve externally, passing through 
the shell obliquely forwards. The only species definitely known 
is /). striata, Recent- 

Discinisca. Ventral valve flattened; behind the apex is a 
disc, which is depressed externally and interrupts the con- 
tinuity of the lines of growth. The disc is perforated for the 
pedicle by a fissure which passes directly, not obliquely, through 
it. Lias to Recent; perhaps Carboniferous. Ex. D. lamellosa, 
Recent. 

Orbiculoidea. Ventral valve flattened; on the surface just 
behind the apex is a narrow furrow, which is perforated at the 
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point farthest from the apex, the perforation passing through 
the shell obliquely backwards. Ordovician (perhaps Upper 
Cambrian) to Oligooene. Ex. O. morrisiy Wenlock Limestone. 

Cranio (fig. 107). Shell calcareous, traversed by vertical 
canals which branch near the outer surface; quadrangular or 
sub -circular, smooth or with radiating ribs, fixed by the ventral 




Fig. 107. Crania anomala, Recent. A. Interior of ventral valve. B. Dorsal 
valve, a, anterior adductors; a', posterior adductors; c, posterior ad- 
justers; c\ cardinal muscle; r, o, central and external adjusters. (From 
Woodward.) x 2. 



valve; without pedicle-opening. Ventral valve depressed- 
conical: dorsal larger than the ventral, conical with a sub- 
central apex. Interior of each valve with a border covered 
with granulations. Two pairs of well-marked adductor im- 
pressions in each valve (a,a') : the posterior pair near the margin, 
the anterior near the centres of the valves and close together, 
especially so in the ventral valve; also other smaller r^uscular 
impressions. A triangular protuberance near the centre of the 
ventral valve. Ordovician to present day. Ex. C. ignabergensis. 
Chalk. 
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CLASS II. ARTICULATA 

The valves articulate by means of two teeth on the ventral 
valve which fit into sockets on the dorsal. The intestine is 
short and ends blindly. A brachial skeleton may or may 
not be present. The shell is calcareous. 

ORDER I. PROTREMATA 

A pseudo-deltidium is de velo ped, but sometimes disappears 
in the aduliT The pe dicle- opening is at the margin of the 
ventral valve, in the form of a fissure (delthyrium) either 
entirely open or more or less completely closed by the 
pseudo-deltidium. Ajbr achial skeleton jsjoften absent, and 
when present is represented by the crura only. Thisgroup 
is found mainly in the Palaeozoic formations ; in the Mesozoic 
it is represented by Thecidea^aJid^t^r-^ied genera; the 
only living forms are Lacazella and Thecidellina. 

1. STROPHOMBNACEA 

Spondylium absent. Pseudo-deltidium nearly always pre- 
sent throughout life. Cardinal process well developed. 
Pedicle opening small, at the apex of the umbo, but closed 
in fixed forms. Ordovician to present day. 

Productus (fig. 108). Shell free, or fixed by spines, generally 
transverse (i.e. broader than long) but sometimes elongated, 
often produced into 'ears' at the sides. Dorsal valve concave. 
Ventral valve very convex, often sharply bent, sometimes with 
a median sinus; umbo large, incurved, not perforated. Hinge- 
line straight, teeth absent or rudimentary. Area linear or 
absent. Surface ornamented with radiating ribs, crossed by 
concentric folds, especially in the umbonal region. Tubular 
spines, especially in the region of the umbo and ears. Muscular 
impressions strongly marked ; in the ventral valve the adductors 
(a) are near the umbo, and in front of them are the divari- 
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cators (r). A prominent cardinal process (j) on the dorsal 
valve is continued as a median ridge in the interior. No 
brachial skeleton. Carboniferous and Permian. Ex. P. *emt- 
reticulatus, Carboniferous Limestone. Productella, Devonian, is 
an allied form. 




Fig. 108. Productus giganteus, Carboniferous Limestone. A. Interior of 
dorsal valve. B. Interior of ventral valve. C. Ideal section of both 
valves. D. Dorsal hinge-line, j, cardinal process; a, adductor; r, divari- 
cator; h, ventral area; b> brachial prominence (?); s> hollows occupied 
by the spiral arms; v, reniform impressions. (From Woodward.) x J. 



Strophalosia. Shell similar to Productus in form; attached 
by umbo of ventral valve. A distinct area on each valve ; the 
ventral area larger than the dorsal, with a pseudo-deltidium. 
Ventral valve with two prominent teeth. Dorsal valve with a 
prominent, bifid cardinal process. Surface of ventral (and some- 
times also the dorsal) valve covered with spines. Middle 
Devonian to Permian. Ex. S. excavata, Permian. 

Chonetes (fig. 109). Shell transverse, semicircular, concavo- 
convex or sometimes plano-convex. Hinge-line straight, form- 
ing the greatest width of the shell. Teeth strong. An area on 



206 



BRACHIOPODA 



each valve; dorsal area very narrow. Upper margin of area of 
ventral valve with a row of hollow, diverging spines, which 
increase in length towards the ends of the hinge-line. Delthy- 
rium more or less completely closed by a pseudo-deltidium. 
Muscular impressions faintly marked. Cardinal process divided. 
Surface usually ornamented with radial striae. Silurian to 
Permian. Ex. C. slriatella, Upper Ludlow. 

Leptaena. Shell concavo-convex, semi-oval or nearly quad- 
rangular, ornamented with small radiating ribs, crossed by 
concentric folds on the flatter parts ; anterior part bent sharply, 
often at a right angle to the posterior part. Space between 
the two valves very small. Hinge -line straight, forming the 




Fig. 109. Chonetes, from the Devonian. A, dorsal; B, ventral valve. 
d, adductor impressions; c, divaricators; t, teeth; v, vascular impressions; 
j, cardinal process. (From Woodward.) Enlarged. 

greatest width of the shell. A narrow area on each valve; the 
delthyrium is covered by a convex pseudo-deltidium. Umbo 
of ventral valve perforated by a small foramen except in old 
individuals. Two strong diverging teeth in the ventral valve 
supported by lamellae which are continued round the muscular 
area. Muscular impressions: in the ventral valve, two narrow 
adductors surrounded by two large divaricators; in the dorsal, 
two small adductors near the centre of the valve, behind which 
are two larger adductors. Cardinal process divided. Ordovician 
to Carboniferous. Ex. L. rhomboidalis, Bala Beds, etc. 

Raftnesquina. Outline similar to Strophomena. Ventral 
valve convex ; dorsal valve concave. Ornamented with radiating 
striae alternating in size, crossed by concentric growth-lines. 
Muscular area of the ventral valve faintly limited, consisting 
of two broad divaricator impressions enclosing a long, narrow 
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adductor. In the dorsal valve the posterior adductors have 
aborescent markings, and the anterior adductor impressions 
are indistinct. Cardinal process bilobed, low. Ordovician and 
Lower Silurian. Ex. R. altemata, Ordovician. 

Strophonella. Shell semicircular or semi -elliptical; ventral 
valve concave, dorsal valve convex. Hinge-line long, straight. 
Dorsal area narrower than the ventral; inner margins of areas 
crenulate. Muscular area of ventral valve limited by a pro- 
minent border. Silurian and Devonian. Ex. S. euglypha, Wen- 
lock Limestone. 

S t r ophomena . Shell semicircular or semi -elliptical, orna- 
mented with fine radiating ribs; hinge-line straight, forming 
the greatest width; dorsal valve convex; ventral valve convex 
near the umbo, but concave in the middle. Ventral area con- 
spicuous, with a pseudo-deltidium; apex perforated except in 
old age ; dorsal area narrow. Teeth diverging widely, supported 
by plates, which are produced into ridges nearly surrounding 
the muscular area; the latter is divided by a median ridge. 
Dorsal valve with a ridge separating two large adductor 
impressions, in front of which are two narrow impressions. 
Ordovician and Silurian. Ex. S. antiquata, Wenlock Limestone. 

Schellwienella. Ventral valve flat or slightly concave, with 
a slight convexity around the umbo; dorsal valve convex. 
Valves ornamented with fine radiating ribs; hinge -line usually 
shorter than the width of the shell. Without a median septum. 
Ventral area prominent, often high, the two sides sometimes 
unequal; delthyrium closed by a pseudo-deltidium; muscular 
impressions fan-shaped; dental plates short, diverging. Dorsal 
area rudimentary or absent ; the cardinal process fairly strong. 
Silurian to Carboniferous. Ex. S. crenistria, Carboniferous 
Limestone. 

2. ORTHACBA 

Spondylium and pseudo-deltidium absent except in the 
older genera. Delthyrium open. Cardinal process usually 
more or less well developed. Cambrian to Permian. 

Orthis (group) (figs. 110, 111). Outline sub-circular pr 
quadrate. Both valves more or less convex. Surface radially 
ribbed or striated. Jlinge-line straight, sometimes equal to the 
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Fig. 110. Orthis calligr am ma 
var. Davidsoni, Ordovician. 
(From Nicholson.) 



width of the shell, but generally shorter. An area on each 
valve; usually with an open delthyrium in the ventral valve, 
and a similar opening in the dorsal 
valve. In the ventral valve two large 
teeth, supported by dental plates. Four 
muscular impressions in the dorsal 
valve. Two long, narrow impressions 
(d) with two smaller ones (a) between 
them in the ventral. Cambrian to Car- 
boniferous. Orthis , as defined above, 
includes a large number of species 
which have been divided into numerous 
groups now regarded as genera, some of which are Orthis 
(restricted), Platystrophia, Dalmanella, Schizophoria, Rhipido- 
mella, Bilobites ; four of these'are briefly described below : 

v Orthis (restricted) (fig. 110); Shell plano-convex, with semi- 
circular to semi -oval outline ; with few strong sharp ribs, rarely 
bifurcating. Hinge -line wide. Area of the ventral valve elevated. 
Cardinal process in the form of a thin vertical plate. A small 
flat plate sometimes found in the apex of the delthyrium. Shell 
not punctate. Ordovician to Silurian. Ex. O. callactis, O. calli- 
gramma, Ordovician. 

Platystrophia. Shell spiriferoid in form, with long hinge - 
line, and sharp radial folds; both valves very convex, with the 
two areas of nearly equal size. Ventral valve with a strong 
median fold, dorsal valve with a corresponding sinus. Cardinal 
process a simple linear ridge. Shell not punctate ; surface finely 
granular. Ordovician and Silurian. Ex. P. lynx, Ordovician. 

Bilobites. Shell small, bilobed, coarsely punctate; ventral 
valve more convex than the dorsal, both with a deep median 
sulcus and ornamented with fine radial ribs. Hinge -line shorter 
than the width of the shell. Ventral area larger than the dorsal, 
delthyrium open ; teeth strong, dental plates thick ; muscle area 
bilobed, divided by a median ridge. Dorsal valve with thick 
cardinal process and a long blade -like plate coming off from 
each side of the hinge. Upper Ordovician to Middle Devonian. 
Ex. B. bilobus, Silurian. 

Schizophoria (fig. 111). Shell punctate, ornamented with 
fine hollow striae bearing short spines. Dorsal valve more 
convex than the ventral. Hinge -line shorter than the width 
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of the shell. Cardinal process with accessory ridges in old 
individuals. Dorsal valve with 4 to 6 deep pallial sinuses 
(fig. 1 1 1 A). Silurian to Upper Carboniferous. Ex. S. resupinata, 
Carboniferous. 




Fig. 111. Orthis {Schizophoria) striatula, Devonian. A, Interior of dorsal 
valve. B. Ventral valve, r, curved brachial processes (crura); v> genital 
impressions; h, area with delthyrium; t, teeth; a, adductors; d, divari- 
cators. (From Woodward.) Natural size. 



3. PENTAMERACEA 

Spondylium well developed. Pseudo-deltidium present in 
primitive forms, but absent in later types. Brachial skeleton 
represented by crura. Valves tend to be elongate instead of 
transverse. Cambrian to Permian. 

Conchldlum (fig. 112). Shell large, oval or subtrigonal, 
biconvex, with strong radial ribs; not punctate. Ventral valve 
the more convex, with prominent incurved umbo usually 
touching the dorsal valve and concealing the delthyrium. 
Hinge-line curved. Ventral area narrow. Delthyrium wide, 
covered. Median dorsal fold and ventral sinus slightly de- 
veloped or absent. Dental plates unite to form a long, narrow, 
deep spondylium supported on a long median double septum. 
Dorsal valve with two long septa. Silurian. Ex. C. knight% y 
Aymestry Limestone. 

Pentamerus. Internal structure similar to Conchidium. 
Surface smooth or with faint undulations in front. Outline oval 
or approaching pentagonal or hexagonal; trilobed in front. 
wp 14 
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Hinge -line gently curved, no areas. Ventral umbo less pro- 
minent and valves less convex than in Conchidium. Delthyrium 
open. Silurian. Ex. P. oblongus, Llandovery. 

Gypidula. Surface smooth or with rounded ribs. Hinge- 
line short, straight. A median sinus in the dorsal valve and 
a fold in the ventral, but usually on the anterior part only. 
Ventral valve usually very convex, with inflated and strongly 
incurved umbo, and a narrow area; delthyrium large, open. 
A narrow spondylium supported by a septum for part of its 




Fig. 112. Conchidium knighti, Aymestry Limestone. A. Transverse section. 
B. Longitudinal section, s, septa; d, spondylium; v, space between dorsal 
septa. (From Woodward.) x£. 

length. No area in the dorsal valve. Silurian and Devonian. 
Ex. G. gypidula, Wenlock Limestone. Sieberella (Silurian and 
Devonian) is similar to Gypidula externally. 

Striqklandia. Shell large, oval or sub-circular, smooth or 
with ribs; convexity of valves nearly equal, sometimes with a 
fold and a sinus. Umbo of ventral valve not prominent. Hinge - 
line straight; an area on each valve, the dorsal being small. 
Delthyrium open. Spondylium and its supporting septum very 
short. Dorsal valve with short crural processes. Silurian. 
Ex. S. lens, Llandovery Beds. 

Carrier ophoria. External form similar to Rhynchonella, 
with radial folds ; ventral umbo sharp, incurved. In the ventral 
valve the dental plates converge to form a short trough (spon- 
dylium) supported by a long medium septum. In the dorsal 
valve a trough-like plate is supported by a median septum. 
Carboniferous and Permian! Ex. C. schlotheimi ', Permian. 
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ORDER II. TELOTREMATA 

The pedicle -opening is confined to the ventral valve in the 
adult, and is either at the umbo or beneath it. "A deltidium 
is developed, and a brachial skeleton is nearly always present. 
There are three main divisions. 



1. SPIRIFERACEA 

Brachial skeleton spiral. Apex of umbo generally not per- 
forated. Punctation of shell generally absent. Ordovician 
to Jurassic. 




Fig. 113. Spirifer striatus, Carboniferous. A. Interior of dorsal valve* 
showing brachial skeleton. B. Interior of ventral valve, showing muscular 
impressions, area, and delthyrium. (From Woodward.) x £. 

• Spirifer (fig. 113). Shell transverse, more or less triangular, 
usually alate, biconvex, ornamented with radial ribs. Often 
with a sinus on the ventral valve and a ridge on the dorsal. 
Hinge -line straight, long. An area on each valve, the ventral 
one triangular, often transversely striated, with a delthyrium 
which is partly closed by a deltidium ; dorsal area small. Teeth 
supported by short dental plates. Brachial skeleton often 
filling a great part of the interior of the shell, formed mainly 
of two spirals, with their apices directed laterally. Silurian to 
Permian. Ex. S. striatus, Carboniferous Limestone. Martinia 
includes 'Spirifers' with a short hinge, usually smooth surface, 
and without dental plates (e.g. M. glaber, Carboniferous). 

Spiriferina. Similar to Spirifer, with a high median septum 
in the ventral valve, and a punctate shell. Carboniferous to 
Lias. Ex. £. walcotti, Lias. 

I 4 -2 
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Syringothyris. Similar to Spirifer, but with a high ventral 
area and an internal split tube in the delthyrium. Deltidium 
convex, not perforated; a semi-oval pedicle- opening at its base. 
Carboniferous. Ex. S. cuspldata. 

Cyrtia (fig. 100). Area on the ventral valve very large; 
deltidium narrow, convex, with a perforation in the middle 
for the pedicle. Dental plates well developed but not joining. 
Brachial skeleton as in Spirifer, but the apices of the spires are 
nearer the hinge -line. Silurian and Devonian. Ex. C. expor- 
recta, Wenlock Limestone. 

Uncites. Shell elongate -oval, biconvex, striated. Hinge-line 
curved, no area. Umbo of ventral valve prominent and in- 
curved, often distorted; pedicle -opening closed in the adult by 
a concave deltidium. Dental plates strong. Apex of dorsal 
valve incurved and partly hidden in the ventral valve ; cardinal 
process prominent. Brachial skeleton spiral, apices of spires 
directed laterally. Devonian. Ex. U. gryphus. 

Meristlna. Shell biconvex, smooth; hinge-line curved, no 
area. Ventral umbo incurved in the adult, so as to conceal 
the foramen. Teeth supported by dental plates which reach to 
near the middle of the valve. Spires of brachial skeleton 
pointing laterally, joined by a band bearing a median stem 
which is forked at its end. Silurian. Ex. M. tumida. 

Athyris. Shell with transversely elliptical or sub-circular 
outline and a median sinus; the two valves nearly equally 
convex. Surface often with concentric growth-lines produced 
into lamellae. Hinge-line curved. Ventral umbo small, incurved, 
usually concealing the pedicle -opening and deltidium; with 
prominent teeth supported by dental plates; four muscular 
impressions. Dorsal valve with a tube from the interior of the 
valve opening at the hinge. Brachial skeleton consisting of two 
spires joined by a band ; the apices of the spires pointing laterally. 
Devonian and Carboniferous. Ex. A. concentrica, Devonian. 
^Atrypa (fig. 114). Shell sub-circular or oval, ornamented 
with radiating ribs, often crossed by well-marked growth-rings. 
Ventral valve convex near the umbo, depressed in front; dorsal 
valve often much inflated. Hinge-line short, slightly curved; 
no area. A small circular foramen near the apex with a small 
deltidium below. Two strong crenulate teeth ; muscular im- 
pressions grouped at the centre of the valve. Brachial skeleton 
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formed of two spirals with their apices directed towards the 
centre of the dorsal valve; the two spires joined by a band 
near the umbo. Ordovician to Devonian ; abundant in Silurian 
and Devonian. Ex. A. reticularis, Genlock Limestone. 





Fig. 114. Atrypa reticularis. Wenlook Limestone. A. Dorsal valve, 
showing brachial skeleton. B. Interior of ventral valve, a, impressions 
of adductor muscles; c, divaricator muscles: p, muscles of pedicle; 
o, genital impression; d, deltidium. (From Woodward.) Natural size. 



2. RHYNCHONELLACEA 

Brachial skeleton represented by crura only, but sometimes 
absent. Apex of umbo seldom perforated, since the pedicle 
opening is nearly always below it. The absence of punctation 
in the shell is almost constant. Ordovician to present day. 
, Rhynchonella. Shell triangular, sub -pyramidal owing to the 
'sinus in the ventral valve which is broad and deep in front 
where it produces a tongue-shaped extension; the dorsal valve 
with a corresponding fold. Surface with radial striae. Ventral 
valve: umbo small, sharp, slightly curved, with the foramen 
below it and surrounded by the deltidium. Teeth large, crenu- 
late ; dental plates short, vertical. Adductor impressions oval, 
surrounded in front and at the sides by the elongate divaricator 
impressions. Posterior divaricator and pedicle muscle impres- 
sions small, situated in the umbonal part. Dorsal valve: 
cardinal process small. Crura narrow, slightly curved towards 
the ventral valve. Dorsal septum reaches to the centre of the 
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valve. Anterior adductors large, oval, on each side of the 
septum; posterior adductors a little smaller and narrower. 
Upper Jurassic. Ex: R. loxia. 

Cyclothyris. Shell oval or triangular, not perforated by 
canals, ornamented with numerous radial ribs. Both valves 
convex; usually a median sinus on the ventral valve and a 
corresponding ridge on the dorsal. Ventral umbo small, acute, 
more or less incurved; foramen just below the umbo, almost 
surrounded by the deltidium. Ventral valve with two strong 
teeth; dental plates short, diverging; muscular area oval — two 
large divaricator impressions enclosing small adductors. Brachial 
skeleton consists of short crura; no cardinal process; median 




Fig. 115. Hemithyris psittacea, Recent. A, interior of ventral; B, interior 
of dorsal valve. /, foramen; d, deltidium; t, teeth; a, adductor impres- 
sions; r, divaricator impressions; p, peduncular impressions; o, genital 
impressions; t', dental sockets; c, crura; 8, septum. (From Woodward.) 
Natural size. 

septum in the dorsal valve feeble or absent. Cretaceous. Ex. C. 
latittsima, Lower Greensand. Numerous species found in the Meso- 
zoic are similar in form to Rhynchonella and Cyclothyris, but 
differ in internal structures and are regarded as distinct genera. 

Acanthothyris. Differs from Cyclothyris mainly by the 
development of numerous spines all over the surface of the 
shell. Ventral sinus and dorsal fold usually little developed. 
Jurassic. Ex. A. spinosa, Inferior Oolite. 

Hemithyris (tig. 115). Shell oval to sub -triangular, with a 
single fold in front; smooth or faintly ribbed. Ventral umbo 
high, with the pedicle opening below it; the two plates of the 
deltidium triangular and separate. Teeth prominent, with 
dental plates. Crura short, curved. Pliocene to present day. 
Ex. 77. psittacea. 
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Rhynchotreta. Shell elongate -triangular, with strong radial 
folds; anterior sinus and fold small. Ventral valve: umbo erect, 
foramen at the apex, nearly surrounded by the large, high 
deltidium. Dental plates vertical. Divaricator impressions 
elongate; adductor impression central, small. Dorsal valve: 
crura long, slightly curved; cardinal process small; a median 
septum extends to half the length of the shell and divides at 
the posterior end. Silurian. Ex. R. cuneata, Wenlock Limestone. 




Fig. 116. Pugnax acuminatus, Carboniferous Limestone. Internal casts. 
A. Ventral valve. B. Dorsal valve and posterior part of ventral. V, ' vas- 
cular' impressions; 0, genital impressions; A, adductors; R, divaricators; 
P, muscles of the pedicle. (From Woodward.) Natural size. 

Wilsonia. Shell sub-cuboidal or sub -pentahedral; with small 
radial ribs, each with a fine median line in front. Margins of 
valves sharply serrated. Fold and sinus not sharply developed 
except at the anterior margin; anterior slope abrupt. Dental 
plates united to the lateral walls of valve. Divaricator impres- 
sions large and deep in the ventral valve. Cardinal process 
absent. A median septum in the dorsal valve. Silurian. Ex. W. 
wilsoni, Wenlock Limestone. 

Pugnax (fig. 116). Ventral valve shallow, dorsal valve deep. 
Median sinus and fold very prominent, causing the front margin to 
be elevated and of ten acuminate. Some radial ribs present. Dental 
plates short. No median septum in the dorsal valve. Devonian 
and Carboniferous. Ex. P. acuminatus, Carboniferous Limestone. 
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3. TEREBRATULACEA 

Brachial skeleton in the form of a loop. Apex of the umbo 
generally truncated for the passage of the pedicle. Shell 
punctate. Devonian to present day. 

Terebratula (figs. 99, 117). Shell biconvex; oval, elongate 
or rounded; surface nearly always smooth, finely punctate; 
often with two folds on the dorsal valve and two corresponding 
sinuses on the ventral, Hingejine curved. No dental plates. 
Umbo of ventral valve truncatecTby a large circular foramen 
with a deltidium at its base. Brachial skeleton in the form of 
a short triangular loop extending about a third the length of 
the shell. Adductor impressions strong in the dorsal valve, 
widely separated. Eocene to Pliocene. Ex. T. terebratula, 
Pliocene; T. bisinuata, Eocene. The Mesozoic species com- 
monly referred to 'Terebratula' are now regarded as belonging 
to distinct genera. 

Dictyothyri8 (Jurassic) is similar to Terebratula, but with 
fine radial ribs and concentric lines; ex. D. coarctata. Dielasma 
(Devonian to Permian) and Coenothyris (Trias) are distinguished 
from the Terebratulae of Jurassic and later formations mainly 
by the possession of well -developed dental plates. Ex. Dielasma 
hastatum. Carboniferous; Coenothyris vulgaris, Trias. 

Terebratulina (fig. 118). Form similar to Terebratula. 
Ornamented with fine radiating ribs. Umbo short, foramen 
large; the two plates of the deltidium small, separate. Two 
ear-like processes at the sides of the dorsal umbo. Brachial 
loop short, with a ring formed by a band joining the crural 
points. No septum in the dorsal valve. Jurassic to present day. 
Ex. T. striata, Chalk; T. caput -serpentis, Recent. 

Magellania ( = Waldheimia) (fig. 102). Shell biconvex, ovate; 
smooth or with radial folds on the later parts of the valves. 
Hinge -line curved. Umbo prominent, truncated by a large 
circular foramen ; plates of deltidium united. Brachial skeleton 
extending to near the front of the shell and then bent back 
on itself; a median septum in the dorsal valve, but not joined 
to the brachial skeleton. Muscular impressions as in fig. 102. 
Tertiary and living. Ex. M. flavescens, Recent. 
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Magellania in the restricted sense includes species of the type 
of the recent M. flavescens. A large number of species found 
in the Mesozoic rocks resemble. Magellania, but show some 
differences, mainly in internal characters; they are now regarded 
as constituting a number of distinct genera, some of the more 
important being: Eudesia (ex. E. cardium, Great Oolite); 
Zeilleria (ex. Z. cornuta, Lias); Ornithella (^Microthyris) (ex. 
O. ornithocephala, Cornbrash); Aulacothyris (ex. A. resupinata, 
Lias); Obovothyris (ex. 0. obovata, Cornbrash); Digonella (ex. 
D. digona, Bradford Clay). 





Fig. 117. Fig. 118. 

Fig. 117. Terebratula (Gryphus) vitrea, Recent. Interior of dorsal valve, 
showing the braefiial skeleton. (From Woodward.) x § . 

Fig. 118. Terebratulina caput-serpentis. Interior of dorsal valve. Recent. 
(From Woodward.) x2. 

*Terebratella. Shell oval, usually with radiating ribs. Ven- 
tral valve very convex; dorsal more or less flattened. Hinge - 
line broad, straight or slightly curved; an area present. Umbo 
with a large foramen, below which are the two plates of the 
deltidium, either touching or nearly touching. Brachial skeleton 
similar to Magellania, but descending branches joined by a band 
to a septum in the middle of the dorsal valve. Lias to present 
day. Ex. T. pectita, Upper Greensand; T. dorsata, Recent. 

Stringocephalus (fig. 119). Shell smooth, circular or oval 
in outline. Ventral valve with a sharp, prominent, incurved 
umbo ; area present. Pedicle opening large in young individuals, 
but smaller and oval in adults on account of the development 
of the deltidium. Ventral valve with a median septum >(vs), 
which extends from the umbo almost to the front of the valve, 
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and increases in height towards the latter. Dorsal valve less 
convex, with a small septum (s), and a long slightly curved 
cardinal process (j) f divided at its extremity to embrace the 
ventral septum. The brachial skeleton consists of the crura (c), 
arising from the hinge -plate (p), which pass to the middle of 
the shell; from the crura the descending branches (/) come off 
and form a ring parallel and near to the margin of the valve. 
Devonian. Ex. S. burtini. 




Fig. 119. titringocephalus burtini, Devonian. A. Dorsal valve. B. Profile, 
a, adductor; c, crura; I, descending branch; j, cardinal process; p, hinge- 
plate; 8, dorsal septum; vs, ventral septum; t, dental sockets. (From 
Woodward.) x J. 

Distribution of the Brachiopoda 

/The Brachiopods are all marine, and are found in all parts 
of the" world i St the present time they are much less 
numerous than in former periods of the earth's history, there 
being only about 175 living species belonging to 60 genera; 
of these species 38 are Particulates, 137 Articulates. Of the 
latter group five species belong to the Protremata and 132 
to thefTelotremata — this being the predominating group of 
Brachiopods at the present day i and represented by 16 
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Rhynchonellids and 116 Terebratulids. f Many forms occur 
more abundantly wh ere the s ea-bottom is rocky , or^stony, 
6r _ formed j rfjsorals, than where it is soft and muddyjt 
frequently they are much localized, being found in enormous 
numbers at one spot, whilst, in the adjoining areas, they 
are sparsely distributed.! Over 70 per cent, of the existing 
species are found between the shore-line and a depth of 
100 fathoms /and several of these do not extend beyond this 
limit. Brachiopods are most abund ant b etween 15 and 
100 fathom sj their relative scarcity in the Littoral zone 
(p. 295) is probably due to the fact that most of them are 
attached by the pedicle and would easily become displaced 
in the rough waters of the shallow sea. As a whole the 
Brachiopoda are characteristic of shallow water. Below 
150 fathoms they soon become comparatively rare; but 
some species occur in deep water and in abyssal regions 
down to 2900 fathoms and are characterised by their thin 
shells. 

The majority of the Inarticulata are found between low- 
water mark and a depth of 15 fathoms; of the remainder, 
all but one occur between 15 and 100 fathoms. The principal 
littoral genera are Lingula, Discina and Discinisca which 
extend from the shore -line to a depth of about 20 fathoms. 
The littoral and shallow water species characterise warm 
seas, and are more numerous and possess thicker and often 
larger shells than those found in deep water and abyssal 
regions. Crania ranges from 2 to 800 fathoms and is the 
only Inarticulate genus living in the shallow water of cooler 
regions, mainly those of the Northern Hemisphere. 

The Articulata, although represented by 15 species in 
water of less than 15 fathoms deep, are mainly charac- 
teristic of depths between 15 and 100 fathoms. The Rhyn- 
chonellids do not live at depths of less than 15 fathoms and 
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are found mainly in deep water; they occur in nearly all 
parts of the oceans from the Arctic to the Antarctic regions : 
some of the species are found in warm seas but the majority 
live in cool waters; some species have a restricted geo- 
graphical range, others occur in several provinces, and one 
(Hemithyris psittacea) is found throughout the greater part 
of the Northern Hemisphere. In depth Hemithyris ranges 
from 15 to 2084 fathoms. The Terebratulids are most abun- 
dant, both in individuals and species, between the shore-line 
and a depth of 100 fathoms, where 67 per cent, of the species 
are found. 

j Geographical ly, the Brachiopoda which live jn_compara- 
tively sha llow water are distributed in provinces, agreeing 
generally with the Molluscan province^ (p. 297), and these 
can be grouped into larger regions. Each province is 
characterised by the presence or abundance of certain 
species, the ranges of which are determined mainly by 
climate. A few species, as for example Terebratulina caput- 
serpentis, have a very wide geographical distribution, ex- 
tending from polar to tropical regions, and also have a 
great range in depth, the form mentioned being found from 
the shore-line down to 1180 fathoms. 

The species found in deep water have generally a much 
wider geographical range than those confined to shallow 
water; and the polar or boreal species have a wider range 
than those found in warmer regions, since, in lower latitudes, 
they can find a suitable temperature at greater depths. 
Since Brachiopods are fixed animals it is only in the free- 
swimming larval stage that the range of a species can be 
extended. In most genera this stage is of short duration, 
so that migration can take place only in shallow water, 
where there is some foundation to which the Brachiopod 
can attach itself at the end of the free-swimming stage. 
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J Brachiopods are very abundant in the Palaeozoic and 
esozoic formations, and are usually well preserved on 
account of the fact that their shell generally consists of 
calcitcjf. The majority of the living genera are represented 
by species in the Tertiary formations, and a few by species 
in earlier deposits ; of these Lingula and Crania have existed 
since the Ordovician period, and others (e.g. Lacazella, 
Megathyris, Terebratella, Terebratulina) since Jurassic times. 
In connection with the remarkably long range in time of 
Lingula it is interesting to note the habitat of the living 
species. Lingula lives in tubes which it burrows in the 
sediment on the sea-floor, and is attached to the tube by 
means of the pedicle; it survives when left uncovered by 
the sea for several hours, and can live in places which have 
become putrid owing to the decomposition of organic 
matter ; further, when buried by a rapid deposit of sediment 
which kills molluscs and other brachiopods Singula survives 
by tunnelling to the surface.^ 

tCambrian. The_earliest Brachiopods occur in t he ^ Low er, 
Cambrian (Olenellus BedsU where more than 20 genera are 
represented. The "majority of the Cambrian species belong to 
the Inarticulata ; the Protremata are also represented, but do 
not become important until the Upper Cambrian. Atremata: 
Rustella, Micromitra^OboluSy Lingulella, Kutorgina. Neotremata: 
Obolella, Acrothele, Acrotreta. Protremata: Eoortfiis, Billingsella. 

J Ordovician. Brachiopods are much more numerous than in 
the^Carhbrian, especially the Articulate forms belonging to the 
ProtremataJ of which the Orthids and Strophomenids show a 
great development. ffThe Telotremata appear first in the Middle 
Ordovician. j Atremata; Lingula, Lingulella. Neotremata: 
Siphonotreta, Trematis. Protremata: Orthis, Platystrophia, 
Strophomena, Bqfinesquina, Leptcena, Clitambonites. Telotre- 
mMa: Protorhyncha. 

Silu r ian. Brach iopods have a ttained their j naximum de- 
velopment.J^TheTtnarticulales how form a relatively^smalT pro - 
pbrtion~~oT the total number. Most of the genera found in 
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the Ordovician survive into the Silurian, but Pentamerus, 
Conchidium, Gypidula and Chonetes now appear, and the Telo- 
tremata have become important. Atremata: Lingula, Tri- 
merella, Dinobolus. Neotremata: Orbiculoidea. Protremata: 
Orthis, Dalmanella, Bilobites, Pentamerus, Gypidula, Strick- 
landia, Leptcena, Strophonella, Strophomena, Chonetes. Telotre- 
mata: Meristina, Eospirifer, Atrypa, Gyrtia, Rhynchotreta, 
Camarotozchia, Wilsonia. 

{JDevonian. Although showing some decline Brachjopod s form 
a very important part of the ^Devonian Jaunas.1 Tji the main 
tKe~genera 'are~"s1nTffaFTo~tEose of the Silurian, but Stringo- 
cephalus, Uncites, Megalanteris and others are restricted to the 
Devonian, and the Productids and Terebratulids are now repre- 
sented by Productella and Dielasma respectively. Protremata: 
Productella, Dalmemella, Schizophoria, Rhipidomella, Leptcena, 
Sieberella. Telotremata: Spirifer, Cyrtina, Uncites, Athyris, 
Atrypa, Uncinulus, Hypothyridina, Gentronella. 

Carboniferous. Orthids, Strophomenids, Productids, Spiri- 
ferids and Rhynchonellids are abundant. j^Under favourable 
conditions Inarticulates are common! Atremata: Lingula. 
Neotremata: Orbiculoidea, Crania. Protremata: Productus, 
Chonetes, Schizophoria, Schellwienella. Telotremata: Spirifer, 
Martinia, Syringothyris (Carboniferous only), Athyria, Pugnax, 
Dielasma. 

Permian. In England the chief genera are Productus, 
Strophalo8ia, Camerophoria, Spirifer, Dielasma. In the Salt 
Range of India, Mongolia, etc. many others are found: Schizo- 
phoria, Rhipidomella, Streptorhynchus, Lyttonia, Aulosteges, 
Richthofenia, Spirifer 'ella. 

jTrias. Most of the Palaeozoic genera have diedlout, but Spiri- 



ferina and Cyrtina persist into the Tr iasi Koninclcina, b elonging 
to the Spiriferacea is confined tothe TrfasiThe chief forms are 
tlhynchonellids and Terebratulids (Ccenotnyris). 

Jurassic. The Inarticulates are represented by Lingula, Orbi- 
culoidea, and Crania which are sometimes abundant. Protre- 
mata: represented only Lacazella and its allies and Cadomella. 
Telotremata: Spiriferina survives into the Lias. The abundance 
of species commonly referred to ^Terebratula,' 'Magellania,' 
and 'Rhynchonella' is the striking feature of the Jurassic 
Brachiopoda^t Terebratella and Terebratulina also occur. 
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Cretaceous. Neotremata: Crania is common in the Chalk. 
Protremata; Thecidia and allied forms. Telotremata: (jTere- 
bratulids and Rhynchonellids are still abundant^ Terebraiulina 
and Terebratella are more important -than in the Jurassic. 
Mayas, Kingena 9 Trigonosemus and Terebrirostra are confined 
to the Cretaceous. I 

Tertiary, terachiopods are poorly represented] and form an 
insignificant part of the Tertiary faunas. Nearly all belong 
to genera which are still living, e.g. j Lingula, Terebratula, 
Terebratulina, and Magellaniai In England Brachiopods are 
found chiefly in the London Clay and the Pliocene deposits. 
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Classes 

1. Ectoprocta ... 

2. Entoprocta 



Orders 
f 1 . Phylactolaema 

[2. Gy mnolsema . . . 



Sub-Orders 

1 . Ctenostomata 

2. Cyclostomata 

3. Trepostomata 

4. Cryptostomata 

5. Cheilostomata 



With the exception of the genus Loxosoma all the Polyzoa 1 
are colonial animals, numerous individuals living in associa- 
tion. The colony is nearly always fixed, and may be arbores- 
cent, laminar, almost massive, or encrusting shells, stones, 
or plants. The entire colony is known as the zoarium; each 
individual (fig. 120 A) has a sac-like form; at the upper 
end there is a platform or disc, the lophophore, on which 
tentacles (t) are placed, arranged either in a circle or in 
the form of a horse-shoe. In most forms the tentacles are 
not contractile, but are provided with cilia, which produce 
a current of water that conveys food to the mouth (0). 
The anal aperture (a) is near the mouth, generally below 
the lophophore, but in some forms within the circle of 
tentacles. On account of this approximation of the mouth 
and anus the alimentary canal is bent into a U-shape; in 
it may be distinguished oesophagus (oes), stomach (st), and 
intestine (int). Between the alimentary canal and the 
body- wall is a spacious body- cavity. The nervous system 
consists of a single ganglion (g) placed on the side of the 
oesophagus facing the intestine. The polyzoa multiply by 



1 The name Bryozoa is used for this Phylum by many authors. 
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budding and sexually, and are generally hermaphrodite. 
Heart and blood-vessels are absent. 

The structures described above form together what is 
known as the polypide; this is contained in the body- wall 
or zocecium. The outer layer of the zocecium, known as 




r ..r 



Fig. 120. A. Diagram of the structure of a single Polyzoan individual. 
S, body -wall; t, tentacles; o, mouth; oes, oesophagus; at, stomach; int, 
intestine; a, anus; g, ganglion;/, funiculus; ov, ovary; sp, testis. B. Avi- 
cularium of Bugula, enlarged. 6, beak; md, mandible; C, chamber; 
p, peduncle; ow, occlusor muscles; dm, divaricator muscles. (After 
Hincks.) 

the ectocysty generally becomes hardened by calcareous or 
chitinous matter, and after the death of the animal this 
alone remains; its surface is usually ornamented with ribs, 
etc. The anterior part of the polypide can be withdrawn 
by means of longitudinal muscles into the zocecium, just 
as the finger of a glove can be pulled into the hand. In 
wp 15 
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some Polyzoa (the Cyclostomata, etc., fig. 121 B) the zo- 
oecium is tube-like, the aperture is at the end and is of the 
same diameter, or nearly so, as the rest of the tube. In 
others (the Cheilostomata, fig. 121 A) the zooecium is more 
or less box-shaped, the aperture (m) is contracted and is 
not terminal, but is situated in front near the anterior end, 
and is provided with a movable lid or operculum. In many 
of the Cheilostomata there is at the anterior end of the 
zocecium, above the ^aperture, a projecting chamber (o), 





Fig. 121. A. Portion of Smittia landsborovi, a Cheilostomatous Polyzoan, 
Recent, o, ooecium; ra, aperture of the zooecium; a, avicularium. B. Por- 
tion of T ubulipor a fimbria f a Cyclostomatous Polyzoan, Recent. Enlarged. 



termed the ovicell, into which the ova pass. In many forms 
of Cheilostomata some of the individuals are modified so 
as to form appendages termed avicularia and vibracula. The 
avicularium (fig. 120 B) may be sessile or placed on a 
peduncle (p), and in the more specialized forms has some- 
what the appearance of a bird's head, consisting of a 
chartiber (C) produced into a beak and provided with a 
mandible (md) which is kept constantly snapping by means 
of muscles in the chamber. The vibraculum consists of a 
long seta kept in motion by means of muscles at its base. 
The individuals of a colony may communicate with one 



POLYZOA 227 

another, either directly, or by means of communication- 
plates ; these are portions of the zocecium which are thinner 
and perforated. The surface of 'the zooecium may be smooth 
or punctate, or ornamented with spines, granules, or ribs. 

The Polyzoa are divided into two classes, (1) the Ecto- 
procta, (2) the Entoprocta. The Ectoprocta only are found 
fossil. 

CLASS I. ECTOPROCTA 

The anal aperture is not situated within the area of the 
lophophore. There are two orders, (1) the Phylactolaema, 

(2) the Gymnolaema. 

ORDER I. PHYLAOTOL^MA 

The lophophore is horse-shoe-shaped. There is a tongue- 
shaped lip in front of the mouth, known as the epistome. 
The forms included in this order are found only in fresh 
water and do not occur fossil. 

ORDER II. GYMNOL^MA 

The lophophore is circular, and there is no epistome. There 
are five sub-orders, (1) Ctenostomata, (2) Cyclostomata, 

(3) Trepostomata, (4) Cryptostomata, (5) Cheilostomata. 
The third and fourth are extinct. 

SUB-ORDER 1. CTENOSTOMATA 

The zoarium is horny or membranous. The zooecia are 
usually isolated, and develop by budding from a tubular 
stolon; their orifices are terminal and can be closed by 
setae. This group begins in the Ordovician and is represented 
by Bhopalonaria, Vinella and a few other genera in the 
Palaeozoic. 

15-2 
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SUB-ORDER 2. CYCLOSTOMATA 

The zocecia are calcareous and tubular, and seldom divided 
by transverse partitions; as a rule all are of one size, since 
mesopores, acanthopores, avicularia, and vibracula, are 
generally absent; the apertures are round and terminal, 
not constricted and not provided with an operculum. There 
may be a brood-pouch, formed of one or more modified 
zocecia. Such a brood-pouch is called an ooecium, and is a 
gonoecium if composed of one, or a gonocyst if of more than 
one zocecium. But ovicells, such as are characteristic of 
the Cheilostomata, and are not modified individuals, are 
never present. 

Stomatopora. Zoarium encrusting, of branching rows of 
zooecia in single file. Ordovician to present day; common in 
Jurassic and Cretaceous. Ex. S. granulata, Cretaceous. 

Berenicea. Zoarium a thin, flat, encrusting sheet — discoid, 
fan-shaped, or irregular. Zocecia simple, tubular, arranged in 
irregularly alternating lines. Ordovician to present day — 
common in the Jurassic and Cretaceous. Ex. B. diluviana, 
Lias to Oxfordian. 

Idmonea. Zoarium encrusting or erect. Zocecia arranged 
in alternating transverse rows on one face only of the zoarium. 
Jurassic to present day. Ex. I. hagenowi, Lower Greensand. 

Entalophora. Zoarium of erect cylindrical branches, with 
the zooecia opening on all sides of the branch and arranged 
irregularly or quincuncially. Jurassic to present day. Ex. 
E. virgvla, Cretaceous. 

Theonoa (= Fascicular ia). Zoarium large, generally massive 
and globose. Zooecia in the form of long tubes, with horizontal 
tabulae, in contact laterally, and forming bundles which are 
either distinct and radiate from the base to the periphery, or 
fuse into laminae which intersect. Jurassic to Pliocene. Ex. 
T. aurantium, Coralline Crag. 

Fistulipora. Zoarium varying from encrusting to massive 
or rarely branching. Zooecia more or less rounded or pyriform, 
with hood-like projections to the zooecial aperture called 
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lunar ia; walls thin, diaphragms few, complete. Spaces between 
the zooecia smooth or granular on the surface, occupied in- 
ternally by one or more series of vesicles. Ordovician to Per- 
mian, chiefly Silurian to Lower Carboniferous. Ex. F. comavica, 
Wenlock; F. minor, Carboniferous. 

Ceramopora. Zoarium discoidal, free, attached by the 
centre of the base or encrusting (often on smooth-shelled 
brachiopods); under surface with one or more layers of small 
irregular cells. Openings of zooecia radiating outwards from a 
depressed centre on the upper surface; apertures large and 
oblique, with lunaria; diaphragms absent. Mesopores irregular, 
short, numerous. Pores in walls of zooecia and mesopores. 
Ordovician and Silurian. Ex. C. imbricata, Silurian. 

SUB-ORDER 3. TREPOSTOMATA 

The Zoaria are massive or branching, and composed of 
calcareous tubes of two sizes, the larger ones being the 
zocecia, the smaller being known as mesopores. Both meso- 
pores and zocecia are crossed by horizontal partitions 
(diaphragms) ; these are more closely spaced in the mesopores. 
Curved partitions known as cystiphragms are sometimes 
present in the zocecia in addition to the diaphragms. Tubular 
spines (acanthopores) occur in some genera at the angles 
between the zocecia and the mesopores. Both mesopores 
and acanthopores probably contained modified zooids (poly- 
zoan individuals), and are therefore comparable with the 
vibracula and avicularia of other groups. The zocecial aper- 
tures are round, polygonal or irregular, and usually without 
opercula. The surface of the zoarium is typically marked 
by regularly spaced elevations (monticules) consisting of 
enlarged zocecia, or of large clusters of mesopores, some- 
times forming slightly depressed areas, constituting macula?,. 
The Trepostomata are known to have been subject to 
periodic degeneration and regeneration of the polypides, in 
the same way that recent forms are. In fact the diaphragms 
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in a single zocecium probably represent the 'floors' of suc- 
cessively superimposed individuals. 

The Trepostomata are probably confined to the Palaeozoic, 
although the living Heteroporidse have an essentially similar 
structure. 

It should be noted that many of the diagnostic features 
of Trepostome genera only appear in the mature or, peri- 
pheral zone of the zoarium. 

Diplotrypa. Zoarium hemispherical, discoidal or irregularly 
massive, generally free. Zooecia large, prismatic, with thin 
walls, and with diaphragms. Mesopores few or many, variable 
in size, with closely spaced diaphragms. Ordovician and 
Silurian. Ex. D. petropolitana, Ordovician. 

Stenopora. Zoarium branching, massive or laminar. Walls 
of zooecia usually periodically thickened, giving a beaded 
appearance in longitudinal sections. Acanthopores present. 
True mesopores apparently absent, but zooecia smaller than 
the average are occasionally present. Diaphragms complete, 
few or many. Carboniferous (Permian?). Ex. S'. redesdalensis, 
Carboniferous. 

SUB-ORDER 4. CRY PTOSTOMATA 

The zooecia are calcareous and tubular, often with transverse 
partitions, and often of two sizes. Avicularia and vibracula 
are absent. The external orifices of the zooecia are round, 
but these are not the true apertures ; the latter are situated 
at ; the bottom of a tubular vestibule, the round orifice of 
which is seen on the surface of the zoarium. Probably a 
chitinous operculum covered the true aperture, but is never 
found in the fossils. Ocecia are absent. The Cryptostomata 
range from the Ordovician to the Permian. 

Fene8trelllna (^Fenestella). Zoarium funnel-shaped or fan- 
shaped. Branches straight, united by cross-bars, so as to form 
a network. The cross-bars do not bear zooecia. On each branch 
there is a median ridge or carina, on the sides of which the 
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zocecia occur. Openings of zocecia round. Ordovician to Per- 
mian. Ex. F. plebeia, Carboniferous. 

Rhabdomeson. Zoarium of cylindrical branches with an 
axial tube to which the proximal ends of the zocecia are 
attached; the surface is divided into rhombic areas, arranged 
regularly, in the middle of which are the round orifices. Car- 
boniferous and Permian. Ex. R. rhombiferum. 

SUB-ORDER 5. CHEILOSTOMATA 

The zocecia are sometimes calcareous, sometimes horny, 
often both ; they are more or less box-shaped, never tubular; 
and not divided by transverse partitions. Zocecia, differing 
from the normal forms in size and shape, and modified for 
protective purposes, are often present, and are called avi- 
cularia and vibracula — according to whether their function 
is to pinch or to sweep away foreign bodies which would 
settle on the zoarium. The apertures of the zocecia are con- 
tracted and not terminal, of varying outline, and provided 
with a movable operculum, which being horny is not found 
in fossil specimens. Globular ovi cells are often present ; these 
are not modified individuals, but outgrowths in front of the 
distal end of each zocecium. The Cheilostomata range from 
the Jurassic to the present day, but are rare in deposits 
earlier than the Chalk. 

Membranipora. Zoarium encrusting or erect; the top of 
each zooecium is covered with a chitinous membrane in which 
is situated the aperture; consequently in fossil specimens each 
zooecium has a rim enclosing an unroofed space; the rim may 
have spines around it. Jurassic to present day. Ex. M. elliptica, 
Chalk. 

Cribrilina. Zoarium usually encrusting. Zooecia as in 
Membraniporay but the spines of the rim meet and fuse with 
their neighbouring and with their opposite fellows, and form 
an incomplete roof over the zooecium. Tertiary and present 
day. Ex. C. punctata, Coralline Crag to Recent. 
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Pelmatopora. Like Cribrilina, but the eostse, or spines 
that form the front wall, are very coarse, and their broken 
upturned ends form a row or rows of hob-nail -like markings 
on each side of the mid-line of the front wall. Upper Cretaceous. 
Ex. P. solearis, Chalk. 

Micropora. Zoarium encrusting. Zooecia with an encircling 
rim as in Membranipora, but the chitinous roof is replaced by 
one of carbonate of lime; and this roof is perforated by two 
holes, one on each side, near the rim and proximally to the 
orifice. Cretaceous to present day. Ex. M. cribriformis, Barton 
Beds. 

Gellepora. Zooecia heaped irregularly upon an irregularly 
encrusting or erect zoarium; the front wall entirely calcareous 
and very convex; the aperture terminal, more or less round, 
always accompanied by one or more small avicularia; in addi- 
tion larger avicularia are often present between the normal 
zooecia. Tertiary to present day. Ex. C. tubigera, Coralline Crag. 



Distribution of the Polyzoa 

By far the larger number of the Polyzoa are marine ; they 
occur both in shallow and deep water. The deep-water forms 
belong mainly to the Cheilostomata ; a few Ctenostomata 
occur at considerable depths, but the group is characteristic 
of shallow water. The Cyclostomata are comparatively rare 
at the present day, except in the Northern seas. The extinct 
Trepostomata and Cryptostomata are usually associated 
with reef conditions. 

The earliest Polyzoa occur in the Ordovician rocks. Nearly 
all the Palaeozoic genera are extinct ; they belong mainly to 
the Trepostomata and Cryptostomata. The Cyclostomata are 
represented by a few genera in the Palaeozoic rocks, and 
become increasingly abundant in the Mesozoic, attaining 
their maximum in the Upper Cretaceous. A few Cheilo- 
stomata have been recorded from the Jurassic rocks, but 
the group does not become abundant until the Cretaceous 
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period; in the Tertiary it is better represented than the 
Cyclostomata. Very many of the Pliocene forms belong to 
species which are still living. 

The chief genera found in the different systems are : 

Palaeozoic. Archimedes, Ceramopora, Diplotrypa,Fene8trellina 
(^Fenestella), Fistulipora, Hallopora, Hemitrypa, Pinnato- 
pora, Polypora, Ptilodictya, Rhabdomeson, Thamniscus. 

Jurassic. Berenicea, Geriopora, Diastopora, Entalophora, Hap- 
locecia, K Idmonea, Proboscina, Spiropora, Stomatopora. 

Cretaceous. Crisina, Diastopora, Entalophora, Heteropora, 
Lunulite8, Membranipora, Onychocella, Pelmatopora, Proboscina, 
Stomatopora. 

Eocene. Hornera, Idmonea, Membranipora. 

Pliocene. Alveolaria, Cellepora, Cribrilina, Hornera, Lepr alia, 
Membranipora, Theonoa. 
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Classes 
1. Lamellibranchia .. 
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4. Scaphopoda 
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Orders Sub -Orders 

Taxodonta 
Anisomyaria 
Eulamelli branchia 

Polyplacophora 
Aplacophora 

Prosobranchiata ... 1 „' 
Opisthobranchiata ... i «,' 



Aspidobranchia 
Pectinibranchia 
Nudibranchia 
Tectibranchia 



3. Pulmonata 

1 . Nautiloidea 

2. Aramonoidea 

1 3. Dibranchia . 
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1 . Decapoda 

2. Octopoda 



The majority of the molluscs (oysters, whelks, cuttlefish, 
etc.) are marine,! but some live on land, others in fresh water. 
Unlike the worms and arthropods, they are unsegmented 
animals, and they bear no serially repeated appendages. 
Typically the body is bi laterally symme trical, and there is 
consequently a repetition of the same organs on each side ; 
buffin most gasterop ods this symmetry is more or legg com - 
plet ely lo stTfr.E'rom the dorsal surface arises a fold of the 
skin forming what is known as the mantle) this generally 
secretes a calcareous shell, consisting of one jrejjwo (occa- 
sionally more) pieces. r On the ventral surface of the body 
is the foot — a muscular organ used in locomotior|^ In most 
cases respiration takes place by me ans of gills, which are 
placed in the cavity enclosed by the mantle/) A heart is 
present, and is on the dorsal surface ;Tl consists usually 
of a ventricle and two auricles^ The mouth is situated 



LAMELLIBRANCHIA 235 

anteriorly, and, except in the lamellibranchs, is provided 
with a rasping organ, the odontopho re ^the anus, in typical 
forms, is placed posteriorly^ Renal organs (nephridia) are 
present and place part of the body- cavity in communication 
with the exterior^ The nervous system consists of a ring 
round the oesophagus, and usually of three main groups of 
ganglia, from which nerves are given ofiV" Only sexual 
reproduction occurs; most forms are unisexual, a few her- 
maphrodite. 

The Mollusca are divided into five classes: (1) Lamelli- 
branchia, (2) Amphineura, (3) Gasteropoda, (4) Scaphopoda, 
(5) Cephalopoda. 

CLASS I. LAMELLIBRANCHIA 

In the lamellibranch, as in the brachiopod, the she ll is 
j generaUy ^ calcare ous^ and consists of t wo valves, but these 
instead of being dorsal and ventral as in the latter, are 
placed o ne on the right, the other on the left side of the 
body, and the two are joined together by means of a hinge 
and a ligament atThe^dbr^aTlQaargmp8rhe interior of the 
shell is lined by a fold of the skin, the mantlAlfig. 122, ra), 
which is divided into two lobes, one being placed in each 
valve. In the middle of the space enclosed by the mantle 
(the mantle-cavity) and projecting from the ventral surface 
of the viscer al mass, is the footj(/). This is a laterally 
flattened muscular organ, frequently hatchet- 1 or plough- 
share-shaped, and is used for crawling, or for burrowing in 
sand or mud. Sometimes, as in the case of Trigonia, by 
means of a rapid movement it enables the animal to J^ f 
to a considerable distance. )f In the genus Mytilv£*p*\ t\ anus, 
very much reduced; in others which have iost 

1 Hence the name Pelecypoda used by some authors for thi 
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of locomotion (e.g. Ostrea) it is absent altogether.^ On the 
posterior part of the foot there is in some genera (e.g. Mytilus, 
Pinna, Area) a gland which secretes threads of a viscous 
substance which gradually harden, and then form a bundle 
of horny fibres, known as the byssus, by means of which 
the animal moors itself to foreign objects. On each side of 
the foot, between it and the mantle, and attached to the 
body dorsally, are the gills or branchiae (fig. 122, g)\ these 
consist of filaments which usually become connected so as 
to form leaf- or plate -like bodies, whence the name Lamelli- 
branchia. 

In some forms the margins of the two mantle-lobes 
although in contact are not united, and when this is the 
case there are usually at the posterior margin two openings 
leading from the exterior to the mantle -cavity; these are 
produced by adjoining excavations or notches in the two 
lobes of the mantle. A current of water, caused by the 
cilia on the gills and mantle, flows in through the ventral 
opening, and provides the animal with food and oxygen; 
another current flows out through the dorsal opening, 
carrying with it faecal matters. In many cases, however, the 
two lobes of the mantle are fused at one or more points ; 
this union occurs between the exhalent and inhalent open- 
ings, and also, in many forms, below the latter opening. 
In this way the mantle becomes a kind of bag, having three 
openings, a ventral for the protrusion of the foot, and two 
posterior for the inhalent and exhalent currents of water. 
Frequently, at the posterior openings, the mantle is greatly 
produced so as to form two complete tubes, known as 
ca ge^5 (fig. 122, 5, s'); these are sometimes free, sometimes 
placed in > ma y ^ e as mucn as f° ur times the length of the 
present, ventral is generally the longer; it is furnished 
of a veile papillae ,-. and is known as the branchial siphon (s), 




Fig. 122. Mya arenaria. The left valve and mantle and half the siphons 
have been removed, «, anterior adductor muscle; a\ posterior adductor; 
b, visceral mass; c, cloacal chamber into which the anus opens; /, foot; 
g, branchiae; h, heart; m, cut edge of the mantle; o, mouth; p, edge of 
mantle; s, branchial siphon; 8 f , anal siphon; t, labial palps; v, anus. 
(From Woodward.) Natural size. 
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the dorsal being the anal siphon (s f ). In many forms the 
siphons can be withdrawn into the shell by means of 
muscles. Occasionally, as in Teredo, the siphons are sur- 
rounded by a calcareous tube. 

The shell cart be closed by means of the adductor muscles 
(a, a'), which pass from the interior of one valve to the 
other. In many genera there are two adductors, and these 
forms are frequently spoken of as the Dimyaria; others, 
known as the Monomyaria, possess one adductor only, 
and when this is the case it is the posterior which is present, 
the anterior having atrophied; this occurs in the oyster, 
but in this, and in all other forms so far as is known, the 
anterior muscle is present in the young state. 

In the lamellibranchs there is no head, hence the class is 
someti mes spok en of as the A cephala. The mouth ~(o) is in 
the middle line of the body, ventral to Ihe anterior adductor 
muscle, and is not provided with organs of mastication. At 
each side are two leaf- like processes, the labial palps (t). 
The mouth leads into a short oesophagus, which passes into 
a globular stomach ; next is the intestine, which, after under- 
going many convolutions in the foot, reaches the dorsal 
surface of the body, where it passes through the pericardium 
and is surrounded by the ventricle of the heart. The anus (v) 
is situated dorsally to the posterior adductor muscle. The 
nervous system usually consists of three pairs of ganglia. 
One pair is placed at the sides of the mouth and is connected 
by nerve -cords with a pair in the foot, and with a third 
pair placed beneath the posterior adductor muscle. From 
these ganglia nerves are given off to the muscles, gills, etc. 
Tactile organs are present on the margin of the mantle and 
especially on the ventral siphon. In some forms eyes occur 
at the ventral margin of the mantle-lobes ; they are especially 
well-developed in the genus Pecten. The heart (h) is placed 
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dorsally, just below the hinge, and is surrounded by a large 
pericardial cavity; it consists of two auricles and a ventricle, 
which, as already mentioned, extends round the intestine. 
The renal organs consist of a pair of glandular tubes under- 
neath the pericardium. In almost all cases 'the sexes are 
separate, but a few forms are hermaphrodite. 

Asjilready mentioned, the two valves of the shell are 
on^he^ides of the animal. The margin near the hinge 




Fig. 123. Meretrix (Macrocallista) chione, Recent. A. Dorsal view of the 
two valves. B. Interior of left valve, x \. a, anterior border; p, posterior; 
d, dorsal; v, ventral; lu, lunule; u, umbo; l> ligament; aa, anterior adductor 
impression; pa, posterior adductor; pi, pallial line; 8, pallial sinus; 
w, x, y, cardinal teeth; z, anterior lateral tooth. 

(fig. 123 B, d — I) is dorsaJ, the opposite (v), where the valves 
open^ is l ventral; that near the mouth is anterior (a), that 
near the anus and siphons posterior (p). In the majority 
of cases the two valves are equal or almost equal in size, 
and each valve is generally inequilateral.! But in some 
(e.g. Olycimeris) the shell is nearly equilateral, and in others 
(e.g. Ostrea) it is inequivalve. When the shell is equilateral 
the direction of greatest growth is perpendicular to the 
hinge-line: when inequilateral the direction is oblique to the 
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hinge-line. Each valve may be regarded as a greatly de- 
pressed hollow cone,[the apex of which forms the umbo 
(fig. 123 A, u) ; these umbones are sometimes straight (e.g. 
Pecten), but generally curved towards the anterior margin; 
in a few genera (e.g. Nucula, Trigonia, Exogyra) they are 
directed posteriorly; in Diceras they are spiral. [Sometimes 
there is in front of the umbones, and bounded by a groove, 
an oval depressed area (lu), half being on each valve; this 
is termed the lunulet Behind the umbones there may be a 
somewhat similar, but larger area, known as the escutcheon. 

In the interior of the valves various markings, produced 
by the union of the muscles with the shell, may be noticed 
(fig. 123 B). (The adductors form oval, round, or sometimes 
elongated depressions (the adductor impressions, aa, pa); 
in the Dimyaria there are two in each valve, one being near 
the anterior border, the other near the posterior; in the 
Monomyaria the single adductor impression is usually near 
the middle of the valve .J When, as in the genus My a, the 
two muscles are placed at equal distances from the hinge - 
margin, they are of nearly the same size, since on account 
of their position they are equally efficient in closing the 
valves; but in forms like Mytilus, where the shell is very 
inequilateral and the anterior muscle is close to the umbo 
but the posterior at a considerable distance from it, (the 
latter is much larger than the former ,(!since it is placed in a 
more advantageous position for closing the valves. For the 
same reason the single muscle of the Monomyaria is attached 
near the centre of the valves. ((Less important than the 
adductor impressions are those produced by the muscles 
for the movement of the foot (protractors and retractors) ; 
these occur close to the anterior and posterior adductors. 
Passing from one adductor impression to the other in each 
valve is a linear depression, caused by the attachment of 
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the muscles of the mantle to the shell, and known as the 
pallial line (pi). In some forms this line runs evenly between 
the two adductor impressions and parallel with the margin 
of the valve ; it is then said to be simple or entire. But in 
those genera which possess retractile siphons the pallial line 
bends inward just before reaching the posterior adductor; 
this indentation is known as the pallial sinus (s), and is 
caused by bending inwards of the part of the pallial muscles 
which' serve for the retraction of the siphons. 

The hinff e is formed by projections known as teeth, which 
alternate_ inline two valves, the teeth of one valve fitting 
into the depressions betwe en th ose of the other. Its func - 
tion is to ensure that the valves jihould ^close perfectly. 
The margin ofTine valve on which the teeth occur is known 
as the hinge-line) generally it is curved, but in some genera 
it is straight (e.g. Area). Several types of hinge may be 
recognised: (1) TajwdoztLLi hs teeth are numerous and more 
o r less s i milar in form and si ze, e.g. Nucula (fig. 124 A). 
(2) Dysodont j the te eth ^re^of a simple type, and are de- 
veloped from internal ribs at the margin of the valve; "the 
hlnge^aargm may be simple or somewhat thickened, e.g. 
Mytilus. The dysodont hinge appears to have been derived 
from a taxodont form in which the teeth radiate outwards 
from the umbo. (3) Isodon t : there j Je.gtrongjteeth^of egual 
size, which fit into corr esponding sockets in the other valve ; 
tEe teeth are placed symmetrically on ^each"liTde of the 
median ligament-pit, e.g. Spondylus (fig. 124 D, E). (4) 
Sch izodont: the teeth are few in number, thick, and some - 
fimes grooved ; a typical form is Trigonia (fig. 124 B, C) in 
which the teetR diverge from below the umbo, and the 
middle tooth of the left valve is bifid. In others (e.g. Unio) 
the teeth are less definite in shape and position. (5) Hetero- 
dont : the teeth are few in number and not all of uniform 

wp t6 
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shape and size. They are divisible into those (usually two 
or three) which are placed immediately under the umbo and 
are known as the cardinal teeth, and others, termed laterals, 







Fig. 124. Some types of hinge. A. Nucula. o, anterior adductor; b, pos- 
terior adductor; l> ligament-pit. B, 0. Trigonia. B, right valve with two 
large striated teeth; 0, left valve with three teeth. I), E. Spondylus. 
D, right valve j E, left valve, a, 6, teeth; c, d> sockets into which the 
teeth fit; e, area; I, ligament-pit. F. Lucina (right valve), a, anterior 
lateral tooth; b y cardinal tooth; c, posterior lateral tooth; l> ligament. 
G. Lutraria (left valve), a, strong V-shaped cardinal tooth; I, process 
to which the ligament is attached. All drawn from recent specimens. 



which are in front of and behind the umbo, forming the 
anterior and posterior laterals respectively; some or all of 
the cardinals or of the laterals may be absent; the hinge- 
margin is extended as a vertical lamina or flange known as 
the hinge-plate (fig. 124 F) on which the teeth are borne, 



LAMELLIBRANCHIA 243 

e.g. Meretrix. (6) Desmodont: true teeth and a hinge-plat e 
are absent, but one or more laminae or ridges are develop ed 
at the hinge-margin, e.g . Pleuromya. 

jjln some genera in which the hinge-line is straight (e.g. 
Area) there is, between the hinge-line and the umbo of 
each valve, a flattened triangular part of the shell, known 
as the area [(fig. 124 D, e) ; when this is present the umbones 
of the two valves are of course widely separated. The area 
is due to the more extensive growth at the hinge-margin 
than occurs in genera in which the umbones are close 
together.jThe lunule and escutcheon (p. 240) appear to re- 
present the anterior and posterior parts of the area. Some 
lamellibranchs with a straight hinge-line (e.g. Pecten) have, 
on each side of the umbo, triangular or wing-like extensions 
of the shell, known as ears. 

In the brachiopods the valves are opened by divaricator 
muscles, but in the lamellibranchs the work of these muscles 
is performed by the ligament. This consists of two parts, 
the external (fig. 123, 1), and the internal (sometimes erro- 
neously termed the cartilage) (fig. 124 G, I). One or other 
may be absent. The external ligament is composed of horny 
material; it is placed at the hinge-margin, usually posterior 
to the umbones, and is frequently attached to more or less 
prominent ridges ; in some genera (Olycimeris) the external 
ligament extends both in front of and behind the umbones. 
The internal ligament consists of parallel elastic fibres, and 
is placed in a hollow or pit on the hinge-plate (fig. 124 G, /), 
so that when the valves are closed it is compressed, and, 
being elastic, tends to force the valves apart — its action is 
similar to that of a piece of indiarubber placed in the hinge - 
line of a door. The external ligament acts like a C-spring, 
and is bent when the valves are closed^ Consequently, in 
order to open the shell, the animal has merely to relax its 

16-2 
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adductor muscles. Occasionally the ligament is preserved 
in fossil specimens. 

The length of a lamellibranch shell is measured from the 
anjberior to the posterior margin (fig. 123 B, a — p), the 
breadth or height from the umbo to the ventral margin 
l$-—v), the thickness from one valve to the other at right 
angles to the lines of length and breadth. 




Fig. 125. Vertical section of the shell of a recent Unio, cut in a radial 
direction from the umbo; the right-hand side of the section is near the 
ventral margin, a, pearly or nacreous layer, in which the later lamellae 
overlap the earlier and extend on to (b) the prismatic layer; c, perio- 
stracum. x 10. 

The shell is secreted by the mantle; its structure varies 
in different groups. Three layers may be distinguished. 
(1) On the external surface (fig. 125, c) is a green or brownish 
layer formed of horny material (conchiolin) and known as 
the periostracum (frequently referred to as the 'epidermis'). 
This layer is not usually preserved in fossils; (2) in the 
middle is the prismatic layer (b) (fig. 126), consisting of 
prisms, usually of calcite, each being encased in a sheath 
of organic material. The prisms are often arranged more or 
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less perpendicularly to the surface of the shell; (3) the inner 

layer (a) consists of aragonite and may be formed of very 

thin lamellae separated by thin layers of organic material 

when it is pearly or nacreous, or it 

may be formed of thicker lamellae 

when it becomes porcellanotcs. The 

chief genera in which this layer is 

nacreous are Nucula, Pteria, Perna, 

Trigonia, Unio. The prismatic layer 

is formed by the margin of the mantle 

only ; the pearly layer by the general 

surface of the mantle, and this layer 

gradually encroaches on the former, Fig 126 gection of prig . 

which consequently cannot after- matic layer of recent Pinna, 

wards increase in thickness, whereas P arallel to the surface of the 
, , , , i.i i shell and at right angles to 

the pearly layer may do so through- the prisrag> Magnified. 

out the life of the animal. 

\Thejg urfaee of the_shgll jnay be smooth^ or may be orna- 
mented with radiating or concejitecjribs and^ stridor with 
tub ercl es, or spines. Often the exterior shows concentric 
lamellae, which represent periods of growth ^The part of the 
shell at the umbo is that which was first formed, and often 
differs in ornamentation and form from the other parts. 
The margins of the valves may be smooth or crenulated ; 
sometimes, as in some species of Pecten, the entire shell is 
corrugated, thus increasing its strength without materially 
adding to the weight. |ln many genera the two valves can 
be completely closed, in others they are always open at 
some part, and are then said to be gaping ; this gape occurs 
most frequently at the posterior end and serves for the 
passage of the siphons} sometimes there is also an anterior 
gape through which the foot or byssus passes to the exterior. 
Sometimes the small embryonic shell, known as the prodisso- 
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conchy is found at the umbo of the adult shell ; this represents 
the protegulum of the Brachiopods (p. 199) and the proto- 
conch of the Gasteropoda and Cephalopods. 

In order to be able to distinguish the right and left valves 
we must determine first the anterior and posterior margins. 
When the soft parts of the animal are present this is easily 
done; but when the shell only is before the observer the 
points to be noticed are the following : 

(1) The umbones are generally directed anteriorly; and in 
inequilateral shells, the posterior part of the valves is, 
with only a few exceptions (Nucula, Lima, Donax), 
longer than the anterior part. 

(2) The lunule is anterior to the umbones. 

(3) The external ligament is commonly posterior to the 
umbones, and is never entirely in front of them. 

(4) The pallial sinus is posterior. 

(5) When one adductor impression xmly is present, it is the 
posterior. 

(6) When one adductor impression is distinctly larger than 
the other, the larger is the posterior. 

Having found the anterior and posterior margins, the shell 
should be placed with the dorsal surface uppermost and 
the anterior margin pointing away from the observer, then 
the right and left valves will be on his right- and left-hand 
sides respectively. 

Most of the lamellibranchs are free and can move by 
means of the foot. Since these live with the median plane 
of the body in a vertical position, the two valves are of equal 
size. A few genera (Pecten, Lima) move by the rapid closing 
of the valves, which causes water to be forcibly expelled 
from the. mantle-cavity. Some forms (Pecten) rest on one 
valve, which then becomes more convex than the upper 
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valve. Others, such as the oyster, are permanently at- 
tached by one valve, which has been secreted by the 
mantle directly on to a rock or some other object to 
which it adheres firmly. In some cases the right valve is 
fixed, in others the left. The shell in these forms becomes 
irregular and the fixed valve is larger, more convex and 
thicker than the free valve. ? Other genera, e.g. Pterin, are 
attached by means of a byssus (p. 236), which often passes 
out through a notch or sinus in the margin of one or both 
valves — such forms tend to become inequilateral. || Many 
genera burrow in the sediment on the sea floor and live 
with the posterior end uppermost. The valves are elongated 
posteriorly, so that the shell becomes distinctly inequilateral, 
and the line joining the two adductor muscles is parallel 
with the dorsal margin of the valves. Since these lamelli- 
branchs are sufficiently protected in their burrows there is 
no necessity for the complete closing of the valves, and there 
is a gape at the posterior end for the siphons and often 
another anteriorly for the foot. As frequent opening and 
closing of the valves is not needed the hinge tends to become 
degenerate. In order to facilitate movement through the 
sediment these burrowing forms often have laterally com- 
pressed valves with a smooth surface. A few genera are 
capable of making borings into various substances ; in these 
the shell tends to become cylindrical in form. Thus Teredo, 
the ship- worm, bores into wood, Lithophaga and Saxicava 
into limestone, and Pholas into various materials, such as 
sandstone, limestone, gneiss, peat, and amber. Wood per- 
forated by Teredo has been found fossil in various formations 
of Eocene and Oligocene age. 

The features which more especially characterise the 
lamellibranchs as a class are : the absence of a head and of 
organs of mastication, the bilateral symmetry, the division 
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of the mantle into two lobes, the bivalve shell and the 
lamellar gills. Although at first sight the shell appears to 
resemble closely that of the brachiopods, it differs in several 
important respects: (1) the valves are right and left, instead 
of dorsal and ventral, (2) they are generally inequilateral 
and equivalve, (3) teeth occur on both valves, (4) a ligament 
is present, (5) the umbones are never perforated for a 
peduncle, (6) the microscopic structure of the shell is 
different. 

The classification adopted here is based primarily on the 
character of the hinge, but with other features taken into 
account. The three main divisions are: (1) Taxodonta, 
(2) Ani8omyaria, (3) Eulamellibranchia. 

ORDER I. TAXODONTA 

Hinge taxodont. Two nearly equal adductor muscles. 
Siphons usually wanting. Lower Ordovician to present day. 

Nucula^ (fig. 124 A). Shell equivalve, trigonal or oval, 
closed, posterior side very short; umbones directed posteriorly. 
Surface smooth or with fine radial lines. Interior nacreous. 
Margins /of valves smooth or crenulated. Hinge-line angular, 
with a inedian internal triangular .ligament-pit, and numerous 
sharp teeth. Adductor impressions nearly equal. Pallial line 
simple. The character of the hinge, the simple type of gill 
structiire and other anatomical features indicate that Nucula 
is oner of the most archaic of living lamellibranchs. Silurian to 
present day. Ex. N. hammeri, Lias ; N. dixoni, Bracklesham Beds. 

Nuculana (-=Leda). Similar to Nucula. Posteriorly the 
shell is produced and pointed, and provided with a ridge or 
carina. Pallial line with a small sinus. Margins smooth. 
Escutcheon lanceolate. Silurian to present day. Ex. N. la- 
chryma, Inferior Oolite to Cornbrash; N. caudata, Pliocene to 
present day. 

1 All the genera of Mollusca described are marine unless otherwise 
stated. 
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Gtenodonta. Shell oval or elongated, nearly equilateral, 
smooth or with concentric striae. Ligament external. No area. 
Hinge curved or angular, with numerous small teeth. No 
internal ligament-pit. Pallial line simple. Cambrian to Car- 
boniferous. Ex. C. pectunculoides; Ordovician. 

Area. Shell equivalve, sub -quadrangular, ventricose, with 
a carina from the umbo to the postero -ventral angle. Surface 
with radiating ribs and concentric striae: margins smooth or 
dentate; gaping ventrally. Hinge straight, with numerous, 
small ? similar, transverse teeth. Umbones prominent, separated 
by the large areas, which have numerous ligamental grooves 
converging from the hinge -margins to below the umbones. 
Adductor impressions sub -equal, the anterior rounded, the 
posterior divided. Pallial line simple. Jurassic to present day. 
Ex. A. biangula, Eocene; A. noce, Miocene to present day. 
Sub -genus Barbatia, with very narrow area, and the end teeth 
oblique. Jurassic to present day. Ex. B. barbata, Miocene to 
Recent. Anadara, with thicker shell, regular radial ribs, closed 
valves, less inequilateral than Area. Miocene to present day. 
Ex. A. diluvii, Miocene. 

Cucullaea. Shell similar to Area; ventricose, sub -equilateral, 
valves closed. Hinge with short central transverse teeth, and 
two to Rve lateral teeth nearly parallel to the hinge -margin. 
Posterior adductor fixed to a thin raised plate. Jurassic to 
present day. Widespread in the Mesozoic. Living in the Indian 
Ocean and China Sea. Ex. (7. fibrosa, Upper Greensand; 
C. cro88atina, Eocene. 

Glycimeris (=Pectunculu8). Shell thick, solid, sub -orbicular, 
equivalve, almost equilateral. Surface smooth or radially 
striated. Ligament external, on the area. Umbones central, 
slightly curved posteriorly; a small triangular area provi- 
ded with diverging grooves for the ligament. Hinge arched or 
semicircular, with a row of numerous, small, strong, trans- 
verse teeth, obliterated at the centre in the older forms by the 
growth of the area; towards the ends the teeth tend to become 
horizontal. Margins crenulate inside ; adductor impressions sub- 
equal — the anterior sub -triangular, the posterior oval or 
rounded. Pallial line with a very small sinus. Cretaceous to 
present day. Ex. O. glycimeris, Pliocene to present day. 
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ORDER II. ANISOMYARIA 
Usually inequivalve. Anterior adductor small or absent. 
Hinge dysodont or isodont, or without teeth. Fixed by a 
byssus or by cementation. Often with ears and a byssal 
notch. No siphons. Pallial line entire. 

1. MYTILACEA 

Equivalve, very inequilateral, obliquely elongated. Umbo 
at or near the anterior end; no ears, no byssal notch but 
an anterior gape for the byssus. Hinge dysodont or without 
teeth. Ligament long, nearly always external, behind the 
umbones. No area. Anterior adductor small. Interior 
nacreous or porcellanous. Ordovician to present day. 

Mytilus. Shell thin, equivalve, very inequilateral, elongated, 
sub -triangular, posterior border rounded; with a small gape 
for the well -developed byssus. Umbones sharp, terminal, 
anterior. A few small teeth near the umbo, sometimes absent. 
Ligament linear, marginal, sub-internal. Anterior adductor 
impression small, placed near the umbo; posterior large; pallial 
line simple. Trias to present day. Ex. M. edulis, Pliocene to 
present day. 

Modiola ( = Modiolus). Shell similar to Mytilus, but oblong, 
inflated in front. Umbones obtuse, anterior, but not terminal. 
No teeth. Devonian to present day. Ex. M. modiola, Recent; 
M . imbricata, Inferior Oolite. 

Lithophaga (= Lithodomus). Shell similar to Modiola; sub- 
cylindrical, rounded in front, wedge -like behind. Lithophaga 
bores into limestone, etc. Carboniferous to present day. Ex. 
L. inclusa, Inferior Oolite to Corallian; L. lithophaga, Recent. 

Modiolopsis. Shell thin, smooth, elongate -oval, very inequi- 
lateral, anterior part small, posterior part enlarged. Umbones 
nearly terminal, close together; a depression crosses the valves 
obliquely from the umbo. No teeth. Anterior adductor im- 
pression deep; posterior adductor large, faintly marked. Ordo- 
vician to Permian. Ex. M. complanata, Silurian. 
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Myoconcha. Similar to Modiolopsis, but usually with a long 
cardinal and a long slender posterior lateral tooth in the right 
valve. Carboniferous to Chalk. Ex. M. crassa, Inferior Oolite; 
M . cretacea, Chalk. 

2. PTERIACEA 

Often inequivalve and with ears. Inequilateral. Anterior 
adductor small or absent. Usually fixed by a byssus; fre- 
quently with a byssal notch below the right anterior ear. 
Hinge -line straight; often with an area. Hinge dysodont 
or without teeth. Interior nacreous. Ordovician to present 
day. 

Pinna. Shell generally thin, outer layer with coarse pris- 
matic structure (fig. 126), inner layer nacreous; equivalve, 
inequilateral, triangular, without ears. Umbones sharp, an- 
terior, terminal. Valves truncated and gaping posteriorly. 
Hinge -line straight, long. No teeth. Ligament long, narrow, 
lodged in a groove. Posterior adductor large, sub -central; 
anterior adductor close to the umbo. Carboniferous to present 
day. Ex. P. hartmanni, Lias; P. affinis, London Clay. 

Gervillia (fig. 127). Shell obliquely elongated, very inequi- 
lateral, slightly inequivalve, the left valve a little more convex 
than the right ; umbones almost terminal. Hinge straight, with 
an area on which are numerous perpendicular, widely -separated 
ligament -pits; with two or more oblique ridge-like teeth. Ears 
indistinctly limited from the rest of the shell, the anterior very 
short, the posterior long. Posterior adductor impression large, 
sub-central. Trias to Eocene. Ex. G. forbesiana, Gault; O. suh- 
lanceolata, Lower Greensand. Sub -genus Hcernesia. Left valve 
convex. Right valve more or less flattened. One strong tooth 
under the umbo in each valve, and several small teeth on the 
posterior side in the left valve. Trias. Ex. H. socialis, Muschel- 
kalk. 

Inoceramus. Shell variable in form, circular, oval, or ob- 
long; inequilateral, inequivalve, ventricose or compressed, with 
ears indistinctly limited. Umbones prominent, rather anterior. 
No teeth. Surface with concentric (or rarely radiating) furrows. 
Hinge -line straight, usually long, with numerous parallel, close- 
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set, transverse ligament -pits. Adductor impression rarely visible. 
Inner layer of shell thin and nacreous ; outer layer thick, formed 
of large prisms. Lias to Chalk; common in Upper Cretaceous. 
Ex. J. concentricus, Gault; /. brongniarti, Chalk. 

Perna ( Isognomon). Shell nearly equivalve, inequilateral, 
compressed, sub-quadrate or sub-circular. Umbones at the 
anterior end. Hinge-line straight, without teeth; hinge-area 
broad, with numerous transverse, elongated ligament-pits 
placed close together and parallel with one another. Right 
valve with a byssal sinus. Adductor impression large, sub- 




Fig. 127. OerviUia sublanceolata, Lower Greensand. Left valve. Showing 
ligament-pits, teeth, and posterior adductor impression, x J. 

central, double; pallial line simple. Posterior ear often large, 
not distinctly limited. Trias ,to present day. Ex. P. mytiloides, 
Upper Jurassic; P. ephippium, Recent. 

Pteria (^Avicula). Shell oblique, inequilateral, inequivalve, 
left valve more convex than the right. Interior nacreous. Hinge 
long, straight, with one small tooth near the umbo in each 
valve and a long lamellar posterior tooth in the right valve. 
Posterior ear wing-like and longer than the anterior. A byssal 
sinus under the right anterior ear. Area narrow. Ligament 
long, partly internal, partly external, in a groove. Posterior 
adductor impression large, sub -central. Trias to present day. 
Ex. P. media, Barton Beds; P. hirundo, Recent. Sub-genera 
or closely allied genera, are Actinopteria, Leiopteria, Pteronites 
(all Upper Palaeozoic), and Oxytoma (Mesozoic). 



LAMELLIBRANCHIA 253 

Pseudomonotis. Similar to Pteria, but the shell is oval, 
the left valve large and very convex, and the right valve 
flattened ; the anterior ear small or rudimentary. Carboniferous 
to Cretaceous. Ex. P. echinata, Cornbrash. 

Aucella (=^Buchia). Shell thin, obliquely elongate, inequi- 
lateral, inequi valve, with concentric folds or ribs. Left valve 
convex, with prominent incurved umbo; ears indistinctly 
limited. Right valve flattened, anterior ear triangular, with a 
deep byssal sinus; posterior ear indistinctly limited. Hinge - 
line straight, short, without teeth. Ligament external. Upper 
Jurassic and Lower Cretaceous. Ex. A. keyserlingi, Speeton 
Series. Aucellina is closely allied to Aucella, Gault and Lower 
Chalk; Ex. A. gryphceoides. 

Pterinea. Form similar to Pteria; left valve flattened. 
Hinge with small transverse anterior teeth, and laminar pos- 
terior teeth. Area large, with longitudinal grooves for the 
ligament. No ligament pit. Posterior adductor impression large, 
shallow; anterior impression small, deep, below the anterior 
ear. Ordovician to Carboniferous; common in Devonian. Ex. 
P. Icevis, Devonian. 

Posidonia (=Po8tdonomya). Shell thin, oblique, oval, equi- 
valve, compressed, with concentric furrows. Umbones small, 
sub -central. Hinge-line straight, short, without teeth; posterior 
ear compressed, indistinctly limited. Silurian to Jurassic. Ex. 
P. becheri, Carboniferous. 

Vulsella. Sub -equi valve, irregular, vertically elongated, 
gaping in front and behind. Without teeth, ears and byssus. 
An area on each valve, with a triangular ligament pit. Umbones 
directed posteriorly. Posterior adductor only, sub -central. 
Interior nacreous. Eocene to present day. Ex. V. deperdita, 
Eocene; F. lihgulata, Recent. 

Gonocardium. Shell more or less trigonal, very inequi- 
lateral, with radiating ribs; posterior side short, truncated, 
forming a cordate posterior end, produced into a long tube; 
anterior side oblique, compressed, wing-like, gaping. Umbones 
small, pointed, incurved. Hinge -line long, straight. Ligament 
partly external, partly internal, attached to a plate behind the 
umbones. Anterior adductor impression large, deep; posterior 
impression shallow. Inner margins of valves toothed. The trun- 
cated end bearing the tube is regarded by some authors as 
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anterior, and the wing-like end as posterior. The affinities of 
this genus have not yet been determined. Ordovician to Car- 
boniferous. Ex. C. hibernicum, C. alceforme, Carboniferous 
Limestone. 

Myalina. Shell thick, trigonal, oblique, very inequilateral, 
with pointed umbones at the anterior extremity. Anterior 
marginal part of valves sharply bent. Posterior part compressed, 
wing-like. Hinge-line straight, long; teeth absent. Hinge- 
margin broad with longitudinal striations. Anterior adductor 
near the ventral edge of the anterior end of the hinge -plate. 
Posterior adductor large, oval. Pallial line simple. Surface 
with growth-lines, often lamellar. Silurian to Permian; com- 
mon in Carboniferous. Ex. M. verneuili, (Carboniferous. 



PECTINACEA 

Usually inequivalve and nearly equilateral, tending to be 
vertically elongated. Posterior adductor only. Ears and 
usually a byssal notch present. A narrow external ligament, 
and a triangular internal ligament. Hinge isodont. Often 
with radial ribs. Interior not nacreous. Silurian to present 
day. 

Spondylus (fig. 124 D,E). Shell irregular, with ears and 
straight hinge-line, attached by the right valve; surface with 
radiating ribs which are spiny or foliaceous. Right valve larger 
and more convex than the left, with a triangular area. Liga- 
ment internal, in a deep triangular pit; the strong teeth in 
each valve fit into corresponding sockets in the other valve; 
in the left valve one, and in the right valve two teeth on each 
side of the ligament pit. Adductor impression large, sub- 
central. Jurassic to present day. Living in warm seas. Ex. 
S. spinosus, Chalk; S. rarispina, Bracklesham; S. gcederopus, 
Recent. 

Plicatula. Similar to Spondylus. Surface smooth, folded or 
scaly. Ears absent or indistinct. Area very small. Ligament 
internal. Adductor impression excentric. Trias to present day. 
Living mainly in warm seas. Ex. P. spinosa, Lias ; P. inflata, 
Chalk; P. cristata, Recent. 
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Pecten. Shell sub-circular, ovate or trigonal, closed, almost 
equilateral, inequivalve or nearly equivalve. Surface frequently 
with radiating ribs or striae, sometimes smooth or with con- 
centric ridges. Hinge -line straight; with well -developed ears, 
with or without a byssal sinus. A central, triangular pit for 
the internal ligament. £4ductor impressions large, a little 
excentric. Carboniferous to present day. Pecten includes a 
very large number of species, which are grouped into sub- 
genera and sections, of which the more important are: Mqui- 
pecten* (ex. Pecten asper, Upper Greensand, P. opercularis, 
Pliocene); Amusium (ex. P. pleuronectes, Recent); Camptonectes 
(ex. P. lens, Jurassic); Chlamys, Hinnites, Neithea (see below); 
Syncyclonema (ex. P. orbicularis, Chalk). 

Chlamys: shell ovate or trigonal, nearly equivalve, surface 
with radial ribs. Ears large — the anterior larger than the 
posterior and with a deep sinus for the byssus on the right valve. 
Trias to present day. Ex. P. (C.) islandicus, Pleistocene and 
Recent. 

Hinnites: the young shell is like Chlamys; the adult is 
irregular like Ostrea, and is attached by the right valve. Cre- 
taceous to present day. Ex. H. crispa, Pliocene. 

Pecten (restricted): nearly equilateral; right valve very con- 
vex, left flattened. Ears nearly equal. No byssal sinus. Three 
or four lamellar teeth on each side of the ligament pit. Creta- 
ceous to present day. Ex. P. maximus, Pliocene to present 
day. 

Neithea: similar to the last; with numerous small denticles 
on the hinge. Cretaceous. Ex. P. (Neithea) quadricostatus, 
Upper Greensand. 

Lima. Shell obliquely oval, anterior part larger than the 
posterior part, equivalve, compressed, with radiating striae or 
ribs. Valves usually gaping anteriorly and sometimes posteriorly. 
Umbones distant, sharp. Hinge -line straight without teeth, 
with unequal ears. On each valve a triangular area, with a 
central ligament-pit. Adductor impression large. Two small 
pedal impressions. Trias to present day; maximum in the 
Mesozoic. Ex. L. lima, Recent; L. elongata, Chalk. Sub -genera 
Plagiostoma (L. gigantea, Lias; L. cardiiformis, Middle Jurassic); 
Limatula (L. fittoni, Upper Greensand); Limatulina and Palceo- 
lima, Carboniferous, are allied to Lima. 
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Aviculopecten. Shell ovate, slightly inequilateral; right 
valve less conve" than the left. Umbones distinct; hinge -line 
straight, long; ears distinctly limited, the posterior larger than 
the anterior and often wing-like; a byssal sinus beneath the 
anterior ear in the right valve. Hinge -margin with narrow,' 
nearly parallel grooves. A median pit for the internal ligament. 
Adductor impression large, sub -central. Surface usually with 
radial ribs, and concentric lines, the ornamentation different 
on the two valves. Devonian to Permian. Ex. A. tabulatus, 
Carboniferous. 

Pterlnopecten. Similar to Aviculopecten; posterior ear not 
distinctly limited ; both valves with the same kind of ornamenta- 
tion. Devonian and Carboniferous. Ex. P. papyraceus, Car- 
boniferous. 

4. ANOMIACEA 

Inequivalve. Posterior adductor only. No ears. Byssus 
passes out through a rounded opening in the right valve. 
Hinge short, without teeth. Ligament more or less internal. 
Trias to present day. 

Anomia. Shell thin, irregular or sub -circular, attached by 
a calcified byssus, which passes through a rounded sinus near 
the umbo of the right valve. Ligament short. Right valve 
flattened, with a central adductor impression ; left valve larger, 
convex, with three impressions of the byssal muscles and one 
of the adductor. Hinge short. Teeth absent. Jurassic to present 
day. Ex. A. ephippium, Pliocene to present day. 

5. OSTREACEA 

Fixed by the left valve, which is the larger. Posterior 
adductor only. Hinge-line short; no teeth. Internal liga- 
ment in a triangular pit. Shell lamellar in structure, irregular 
in form. Trias to present day. 

Ostrea. Shell with lamellar structure, irregular, inequivalve, 
slightly inequilateral, fixed by the left (larger) valve. Left 
valve convex, often with radiating ribs or strise; umbo pro- 
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minent, sometimes directed anteriorly, sometimes posteriorly. 
Right valve flat or concave, often smooth. Ligament-pit 
triangular or elongated. Hinge short, without teeth. Adductor 
impression sub -central; pallial line indistinct. No foot. Trias 
to present day. Ex. 0. delta, Kimeridgian; 0. bellovacina, 
Eocene; 0. edulis, Pliocene and Recent. 

Lopha ( = Alectryonia). Includes the forms of Ostrea in which 
both valves have coarse angular folds ; edges of valves toothed. 
The forms included in Alectryonia are polyphyletio. Trias to 
present day. Ex. A. gregaria, Corallian; A. diluviana (=/r<m*), 
Chalk. 

Gryphaea. Shell similar to Oetrea, but fixed in the young 
stage only, free in the adult; left valve large and convex, with 
a prominent incurved umbo. Right valve flattened or concave. 
Lias. Ex. O. arcuata ( = incurva), Lias. (In later formations 
Gryphcea-like forms have originated independently from more 
than one species of Ostrea. ) 

Exogyra. Similar to Ostrea. Shell fixed by the left (larger) 
valve. Right valve flat, resembling an operculum. Umbones 
more or less spiral, directed posteriorly. Upper Jurassic to 
Chalk. Ex. E. columba, Upper Greensand. 

ORDER III. EULAMELLIBRANCHIA 

Two equal or nearly equal adductor muscles. Often with 
siphons. Hinge schizodont, heterodont or desmodont. 

1. SCHIZODONTA 

Hinge schizodont. No hinge-plate . Adductors equal or 
nearly equal. Ligament external, behind the umbones. 
Pallial line entire. Nearly all equi valve. Interior nacreous. 
Devonian to present day. 

Trigonia (fig. 124 B,C). Shell thick, usually ornamented 
with concentric rows of tubercles or with concentric (sometimes 
radiating) ribs; trigonal, very inequilateral, anterior margin 
rounded, posterior produced and angular. Generally with a 
ridge extending from the umbones to the posterior border, 
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cutting off a portion which has a different ornamentation. 
Umbones anterior, directed posteriorly. Teeth strong, grooved ; 
in the right valve two teeth diverge from below the umbo; 
in the left three teeth, the central tooth being bifid, the posterior 
(next the hinge -margin) very thin. Ligament marginal, thick. 
Adductor impressions deep, the anterior smaller than the pos- 
terior, and placed near the umbones. A pedal impression in 
front of the posterior adductor of each valve and also one in 
the umbo of the left valve. Pallial line simple. Interior of shell 
nacreous. Rhae tic to present day ; abundant and widely distributed 
in the Jurassic and Cretaceous ; found in the Australian region 
in the Tertiary and at the present day. Ex. T. costata, Inferior 
Oolite to Cornbrash; T. clavellata, Corallian; T. (Neotrigonia) 
margaritacea, Recent. 

Schizodus. Similar in form to Trigonia; shell thin and 
smooth, umbones placed anteriorly. Three teeth in each valve ; 
the anterior inconspicuous in the right valve. Adductor im- 
pressions distinct, but shallow. Carboniferous and Permian. 
Ex. $. ob8Curu8, Permian. 

Myophoria. Allied to Schizodus . Shell oval, triangular, or 
trapezoidal. Umbones anterior, often with a ridge extending 
to the lower part of the posterior border. Surface nearly smooth 
or with radial ribs. Right valve with one median and one 
anterior tooth, and ridge -like posterior tooth. Left valve with 
a triangular, sometimes bifid median tooth, and one anterior 
and one posterior tooth. Adductor impressions with a ridge 
passing to the hinge. Trias and Rhaetic. Ex. M. laevigata, Trias. 

Unlo. Shell thick, oval or elongated, with a thin peri- 
ostracum. Surface smooth, tuberculate, striated, or folded; 
interior nacreous. Umbones more or less anterior, often cor- 
roded. Ligament external, elongated. In the right valve one 
or two thick, irregular teeth in front of the umbo, and a 
long lamellar posterior tooth; in the left valve, two thick 
irregular teeth near the umbo, and two long lamellar posterior 
lateral teeth. Anterior adductor impression very deep, the 
posterior shallow. Pallial line simple. Trias to present day. 
Lives in fresh water. Ex. U. pictorum, Pleistocene and Recent. 

Anodonta. Allied to Unio; shell relatively thin, without 
teeth. Fresh water. Miocene (perhaps Purbeck) to present 
day. 
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Carbonicola ( = Anthraco$ia). Similar in form to Unio, but 
the anterior part of shell is high and tumid, the posterior part 
low and compressed; usually a constriction at the ventral 
border. Hinge -margin triangular, with or without median teeth, 
no laterals. Ligament external. Adductors large, the anterior 
near the margin. Pedal impression above the anterior adductor. 
Pallial line simple. Carboniferous and Permian. Probably fresh 
water. Ex. C. robuata, C. ovalis, Coal Measures. 

Anthracomya. Differs from Carbonicola chiefly in having 
the posterior part of the shell broad and expanded. Hinge - 
margin narrow, with a median and one posterior lateral tooth. 
Carboniferous. Probably fresh water. Ex. A. modiolaris. 

Gardinla. Shell trigonal, oval, or oblong, very inequilateral, 
compressed, thick, marked by lines of growth. Interior not 
nacreous. Umbones small, sharp, close together. Ligament 
external. Cardinal teeth small or obsolete; in the right valve 
one anterior lateral tooth; in the left, one posterior lateral. 
Impression of anterior adductor very deep. Pallial line simple. 
Trias to Middle Jurassic (chiefly Lias). Ex. C. listeri, Lias. 

Hippopodium. Shell very thick, very convex, oblong; sur- 
face with lines of growth. Umbones large, anterior. Hinge 
thick, with one oblique tooth which may disappear in old 
specimens. Adductor impressions deep. Pallial line simple. 
Lias to Great Oolite. Ex. H. ponderosum, Lower and Middle 
Lias. (Perhaps a gerontic form of Cardinia. ) 

2. HETERODONTA 

Hinge heterodont. Hinge -plate usually well-developed. Two 
equal adductors. Ligament usually external, behind the 
umbones; sometimes internal. Pallial line entire or with 
sinus. Interior porcellanous. Trias (perhaps Silurian) to 
present day. 

(a) Pallial line usually simple. 

Cyprina. Shell orbicular or oval, convex, with concentric 
striae and a thick periostracum. Umbones prominent, incurved. 
Ligament external, prominent. Lunule seldom present. Right 
valve with a very small anterior lateral tDOth, two triangular 
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cardinals, an oblique posterior cardinal, and a posterior lateral. 
Left valve with a small anterior lateral, a vertical cardinal, and 
a long oblique posterior cardinal. Adductor impressions oval. 
Pallial line entire. Margins of valves smooth. Lias to present 
day. Ex. G. islandica, Coralline Crag to present day. 

Isocardia. Similar to Cyprina. Umbones inflated, curved 
anteriorly or spirally inrolled. In each vah e two nearly parallel 
cardinal teeth and one posterior lateral. Cretaceous to present 
day. Ex. /. humanus (cor), Coralline Crag to present day. 

Astarte. Shell thick, inequilateral, more or less trigonal or 
sub -orbicular, compressed, closed. Surface usually with con- 
centric furrows or striae. A thick periostracum is present. 
Umbones prominent, pointed. Lunule distinct. Escutcheon 
elongated. Ligament external. Right valve with a stout 
vertical cardinal, and a very small cardinal on each side; 
anterior lateral small. Left valve with two diverging cardinals, 
and a small posterior lateral. Adductor impressions strongly 
marked; above the anterior one is a pedal impression. Pallial 
line simple. Trias to present day. Ex. A. omalii, Coralline Crag. 

Opis. Shell trigonal, cordiform, convex, with an oblique 
keel extending from the umbo to the^ postero -ventral angle. 
Umbones prominent, incurved or sub -spiral. Ligament external. 
Lunule large and very deep. Surface generally with concentric 
furrows. One cardinal tooth in the right valve, two in the left. 
Pallial line simple. Trias to Chalk. Ex. O. lunulatus, Inferior Oolite. 

Grassatella ( — Crassatellites). Shell solid, oblong or sub- 
trigonal, attenuated behind. Surface smooth or concentrically 
furrowed. Margins of valves smooth or crenulated. Umbones 
small, close together. Lunule distinct. Ligament internal, 
placed in a pit under the umbo. Hinge with two (sometimes 
three) cardinal teeth, and some small laterals. Adductor im- 
pressions deep. Pallial line simple. Cretaceous to present day. 
Ex. C. sulcata, Barton Beds. 

Cyrena. Shell cordiform, oval, or trigonal, usually with con- 
centric ridges; umbones often corroded. Hinge with three 
cardinal teeth ; one anterior and one posterior lateral in the left 
valve, and two of each in the right valve. Ligament prominent, 
external. Pallial line usually entire. Margins of valves smooth. 
Lias to present day. lives in fresh and brackish water. Ex. 
C. ceylanica, Recent. 
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Corbicula. Similar to Cyrena, but with the lateral teeth 
lamellar and transversely striated. Eocene to present day. 
Fresh water. Ex. G, fluminalis, Pliocene to present day. 

Gardita. Shell ovoid or oblong, elongated, inequilateral, 
with broad radial ribs, narrower on the posterior part, usually 
scaly; often a little gaping and sinuous at its ventral margin. 
Umbones prominent, anterior. Lunule small. Ligament ex- 
ternal. In the right valve two long, parallel cardinal teeth, 
which are nearly horizontal, and a very small anterior lateral 
tooth. v In the left valve one short anterior cardinal, and one 
long posterior cardinal tooth. Adductor impressions large. 
Pallial line simple. Margins of valves coarsely crenulate. Trias 
to present day. Ex. C. antiquata, Miocene to Recent. 

Venericardia. Shell oval, triangular, or heart shaped, in- 
equilateral, with radiating ribs of uniform character. Umbones 
prominent. Ventral margin crenulated internally, not sinuous. 
Ligament external. Hinge -plate thick and high; in the right 
valve two oblique cardinal teeth and one small or rudimentary 
anterior lateral; in the left two diverging cardinal teeth. 
Adductor impressions unequal. Pallial line simple. Margins 
crenulate. Cretaceous to present day. Ex. V. pectuncularis, 
Eocene; V. (Venericor) planicosta, Bracklesham Beds. 

Chama. Shell irregular, thick, inequi valve, fixed by the 
umbo of the larger valve (generally the left, sometimes the 
right). Umbones spiral or sub-spiral, directed anteriorly, that 
of the fixed valve longer than the other. Surface with concentric 
lamellae or spines. The fixed valve larger and much deeper than 
the other. In the fixed valve a strong anterior cardinal tooth, 
and a narrow posterior cardinal below the ligament ; in the free 
valve two cardinals. Ligament external, in a deep groove, pro- 
longed towards the umbones. Adductor impressions large, the 
anterior commencing near the hinge -line. Pallial line simple. 
Upper Cretaceous to present day. Living in warm seas. Ex. 
C. squamosa. Barton Beds. 

Diceras. Shell thick, inequivalve, fixed by umbo of larger 
(usually the left) valve. Umbones large, inrolled, directed for- 
wards. Ligament external, in a curved groove at the posterior 
margin of the hinge. Hinge-plate very thick; right valve with 
two large teeth separated by a pit which receives the large 
ear-shaped tooth of the left valve. Adductor impressions 
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distinct, the posterior on a raised elongated plate. Pallial line 
simple. Upper , Jurassic. Ex. D. arietinum. Bequienia and 
Toucasia (Lower Cretaceous) are fixed by the left valve and 
are related to Diceras. 

Hippurites (figs. 128, 129). Shell very large and massive, 
conical or sub -cylindrical, not spiral, very inequivalve, fixed by 





Fig. 128. 



Fig. 129. 



Fig. 128. Transverse section of the large valve of Hippurites cornu- 
vaccinum. r, umbonal cavity; e, internal layer of shell; d, external layer; 
I, m, n, folds; t, cardinal teeth ; a, anterior adductor; a\ posterior adductor; 
c, cavity; c', cardinal fossa. Cretaceous. (From Woodward.) x £. 

Fig. 129. Longitudinal section of the small valve and part of the large 
valve of Hippurites cornu- vaccinum, along the line d-b of fig. 128. w, 
umbonal cavity of small valve; d, external layer of shell; r, internal 
layer; t, part of cavity between the valves; a, anterior adductor; a', 
posterior adductor; t, t\ anterior and posterior cardinal teeth of small 
valve; I, cardinal tooth of large valve. (From Woodward.) x J. 



the apex of the larger valve. The large (lower) valve elongate - 
conical, striated or smooth, and with three parallel furrows 
extending from the apex to the cardinal margin, due to folds 
of the shell -wall which give rise to three corresponding ridges 
in the interior. Hinge consists of a small cardinal tooth and of 
cardinal pits; anterior adductor impression large and divided 
into two separate parts; posterior adductor in a depression. 
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Small (upper) valve flattened or slightly convex, operculiform, 
porous, the pores leading into canals ; with a central umbo and 
two prominent teeth; the anterior tooth very large with two 
surfaces at its base for the attachment of the adductors; the 
posterior tooth smaller with a tooth-like process for the posterior 
adductor. The small valve is formed of two layers; the outer is 
thin and prismatic, the inner is porcellanous and traversed by 
numerous canals. The outer layer (d) of the large valve is 
compact and formed of small prisms arranged in parallel layers 
obliquely to the surface of the shell; the inner (e) is porcel- 
lanous and formed of thin leaflets. Upper Cretaceous. Ex. 
H. cornu-vaccinum. 

Radiolites. Shell large, thick, valves very unequal. The 
large (lower) valve conical or sub-cylindrical, generally straight, 
fixed by its apex (umbo); surface with vertical ribs, and thick, 
horizontal projecting layers which are more or less regularly 
folded; with a ligamental fold extending from the apex to the 
margin, and two vertical undulations corresponding to the 
positions of the anal and branchial orifices ; outer layer of shell 
very thick, formed of polygonal or prismatic cells; inner layer 
thin, porcellanous, often not preserved; an elongate median 
tooth; two adductor impressions widely separated. The small 
(upper) valve generally convex or conical, sometimes flat, with 
central umbo; two straight, elongate, grooved teeth; the two 
adductor muscles were attached to plates on either side of the 
teeth; shell structure similar to that of the larger valve, but 
with the external layer thinner. Upper Cretaceous. Ex. 
R. angeiodes. A Radiolitid (Durania mortoni) is found in the 
Chalk of England. 

Mactromya ( = Unicardium). Shell oval or rounded, in- 
flated; surface with concentric lines or ridges. Umbones promi- 
nent, curved inwards. In each valve a small cardinal tooth 
which is often obsolete, and a posterior ridge separated from 
the margin by a furrow in which is the external ligament. 
Adductor impressions elliptical. Trias to Cretaceous. Ex. 
M. cardioides f Lias. 

Lucina (fig. 124 F). Shell orbicular or oval, slightly inequi- 
lateral, usually ornamented with concentric lines or ridges. 
Lunule usually distinct. An oblique furrow extends from the 
umbo to the posterior border. Hinge usually with two cardinal 
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and one or two lateral teeth in each valve; the lateral, or the 
cardinal, may be absent. Ligament elongated, external, some- 
times sunk in a groove. Adductor impressions well marked, 
the anterior elongated and placed mainly within the pallial line, 
the posterior oval. Pallial line entire. Margins of valves smooth 
or finely crenulated. Trias to present day. Ex. L. columbella, 
Miocene. 

Megalodon. Shell thick, equi valve, smooth or with con- 
centric lines, convex, inequilateral, oval or rounded triangular. 
Umbones prominent, curved forward. Ligament external, long. 
Hinge-plate very large and thick; teeth thick; in the right valve 
two cardinals separated by a pit; in the left valve one cardinal 
under the umbo and a small anterior cardinal; no laterals. 
Anterior adductor impression small, semilunar; posterior ad- 
ductor long, shallow, on a ridge extending from the hinge to 
the posterior border. Devonian to Lias. Ex. M . cucullatus, 
Devonian. Pachyrisma (Trias and Jurassic) is allied to Mega- 
lodon. 

Cardium. Shell convex, slightly inequilateral, cordate or 
oval, generally closed. Umbones prominent, incurved, turned 
slightly to the anterior end. Surface with radiating ribs, which 
are often spiny. Margins of valves crenulated. No distinct 
hinge -plate. Bight valve with one or two cardinal teeth, two 
anterior laterals, and one or two posterior laterals; left valve 
with two cardinals, one anterior lateral and one posterior lateral. 
Ligament external. Adductor impressions shallow. Pallial line 
entire. Trias to present day. Ex. C. costatum, Recent; C. (Acan- 
thocardia) aculeatum, Pleistocene and Recent; C. (Cerastoderma) 
edule, Pliocene to present day. 

Protocardia. Similar to Cardium, but with radiating ribs 
on the posterior part of the shell only, the remainder with 
concentric ribs. Jurassic to present day. Ex. P. hillana, Upper 
Greensand. 

Thetironia ( — Thetis). Shell thin, oval, rounded, very con- 
vex, slightly or moderately inequilateral. Umbones prominent, 
curved inward and slightly forward. No lunule. Ligament 
external. Two small conical or tubercular cardinal teeth under 
the umbo in each valve ; no laterals. Adductor impressions near 
the anterior and posterior margins. Pallial line simple. Two 
internal ribs meet at an acute angle near the umbo and extend 
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ventrally to the level of the adductors. Surface of shell nearly 
smooth, with concentric lines and radial rows of small pits 
which are more distinct on the posterior part than elsewhere. 
Cretaceous. Ex.'jP. minor, Lower Greensand. 

(b) Pallial line usually with a sinus, but sometimes sinuous 
only. 

Venus. Shell thick, oval, convex, ornamented with con- 
centric lamellae, sometimes with radial ribs; lunule distinct. 
Margins of valves finely crenulate. Hinge-plate wide; in each 
valve three thick cardinal teeth, no lateral teeth. Ligament 
external, prominent. Pallial sinus short, angular. Miocene to 
present day. Ex. V. casina, Pliocene to present day ; V. verru- 
cosa, Recent. 

Meretrix (fig. 123). Shell thick, ovate, sub-trigonal, convex, 
smooth or with concentric ornament. Margins of valves smooth. 
Lunule present. Ligament external. Hinge-plate thick, with 
three cardinal teeth in each .valve, two anterior laterals in the 
right, and one in the left valve. Pallial sinus angular or rounded. 
Cretaceous to present day. Ex. M. meretrix, Recent; M. (Macro- 
calli8ta) planus, Upper Greensand; M. (Cordiopsis) incrassata, 
Oligocene; M. (Macrocallista) chione, Recent. Meretrix is here 
used in a wide sense, and includes Macrocallista ( — Callista), 
Cytherea, Tivela, Pitaria, etc. 

Dosinia ( = Artemis). Shell orbicular, compressed, with con- 
centric ridges or striae. Lunule depressed. Escutcheon narrow. 
Ligament sunk. Three cardinal teeth in each valve, one anterior 
lateral in the left valve and two (rudimentary or absent) in the 
right. Margins smooth. Pallial sinus very deep, pointed. Oligo- 
cene to present day. Ex. D. exoleta, Coralline Crag to present 
day. 

Tellina. Shell elongate-oval, slightly inequivalve, com- 
pressed, rounded in front, attenuated behind, and furnished 
with an oblique fold from the umbo to the posterior border. 
Umbones small, turned slightly to the posterior. No lunule. 
Margins of valves smooth. Two cardinal teeth in each valve 
(one being bifid), and one anterior and one posterior lateral. 
Ligament external, prominent. Pallial sinus very deep. Jurassic 
to present day. Ex. T. virgata, Recent; T. rostralis, Eocene. 
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Macoma is shorter and more oval in outline than Tellina, 
and without lateral teeth. Eocene to present day. J&x.M.balthica, 
Pliocene to Recent. 

Psammobia ( = Gari). Shell thin, elongate, sub -equilateral, 
gaping at the ends, anterior side rounded, posterior side more 
or less truncate and angular ; with a fold from the umbo to the 
postero -ventral angle. Surface smooth or with striae. Ligament 
external, thick, joined to prominent ridges. Usually two 
cardinal teeth in each valve, some being bifid. Adductor im- 
pressions near the dorsal border. Pallial sinue very deep. 
Cretaceous to present day. Ex. P. ferroensis, Coralline Crag 
to present day. 

Donax. Shell trigonal or oval, inequilateral, anterior side 
longer than the posterior. Umbones small, directed posteriorly. 
Surface smooth or with radial grooves and concentric strise. 
Right valve with two cardinal teeth, the posterior sometimes 
bifid, a lamellar anterior lateral and a short posterior lateral. 
Left valve with two diverging cardinal teeth and one posterior 
lateral. Ligament very short, external or partly internal. 
Pallial sinus deep, rounded. Margins of valves usually crenu- 
late. Eocene to present day. Ex. D. vittatus, Pliocene and 
Recent. 

Solen. Shell very long, sub -cylindrical, straight, smooth or 
finely striated, the dorsal and ventral margins parallel ; gaping 
at both extremities. Margins of valves smooth. Umbones at 
the anterior end. Hinge terminal, with one cardinal tooth in 
each valve. Ligament long, external. Anterior adductor im- 
pression elongated, parallel to the dorsal margin. Pallial sinus 
short. Eocene (perhaps earlier) to present day. Ex. S. obliquus, 
Bracklesham Beds; S. vagina, Recent. 

Mactra. Shell oval or trigonal, nearly equilateral, smooth 
or with concentric strise. Internal ligament in a large triangular 
pit. External ligament in a groove. In front of the internal 
ligament-pit is a bifid cardinal tooth (in the form of an in- 
verted V) ; anterior and posterior lateral teeth long and lamellar; 
two of each in the right valve, one in the left. Adductor 
impressions semicircular. Pallial sinus round or angular. Creta- 
ceous to present day. Ex. M. stultorum, Pliocene to present 
day. 
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3. DESMODONTA 

Hinge desmodont. External ligament behind the umbones ; 
internal ligament sometimes present. Two equal adductors. 
Pallial sinus usually present. Valves often somewhat un- 
equal. A few genera in the tipper Palaeozoic, mainly Trias 
to present day. 

Mya (fig. 122). Shell oblong, gaping at both ends, par- 
ticularly at the posterior; the left valve a little smaller than 
the right. Surface with concentric ridges. In the left valve a 
large spoon-like process (chondrophore ) to which the internal 
ligament is fixed, and a corresponding pit under the umbo of 
the right valve. External ligament thin. Anterior adductor 
impression elongated. Pallial sinus large and rounded. Eocene 
to present day. Ex. M. trunoata, Pliocene to present day. 

Corbula ( — Aloidis). Shell convex, oval, inequivalve, closed, 
rounded in front, somewhat angular and contracted behind, 
with a ridge passing from the umbo to the posterior angle. 
Surface generally with concentric grooves. Umbones prominent. 
Right valve larger and more convex than the left, and with a 
strong cardinal tooth in front of the ligament-pit; left valve 
with a spoon-like process for the internal ligament. External 
ligament present. Adductor impressions well marked. Pallial 
line slightly sinuous posteriorly. Trias to present day. Ex. 
C, pisum, Eocene ; C. gibba, Miocene to Recent. 

Panopea. Shell equivalve, inequilateral, oblong, rounded in 
front, thick, concentrically striated, gaping at each end, espe- 
cially at the posterior. Ligament external, on prominent ridges. 
One cardinal tooth in each valve. Pallial sinus deep. Cretaceous 
to present day. Ex. P. faujasi, Coralline Crag to present day. 

Saxicava ( = Hiatella). Shell small, more or less oblong, 
gaping; umbones anterior. Ligament external. Teeth absent 
in the adult, one or two cardinals present in the young. Pallial 
line not continuous, sinuous. Saxicava bores into rocks, etc. 
Jurassic to present day. Ex. S. rugosa, Coralline Crag to 
present day. 

Pholas. Shell elongate, very inequilateral, cylindrical, 
gaping at both ends. Surface with spiny ridges, best marked 
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in front. On the dorsal region are one or more accessory 
calcareous plates. No teeth; no ligament. Hinge-margin 
reflected over the umbonal region. In the interior, under the 
umbones, is a process for the insertion of the muscle of the foot. 
Pallial sinus very deep. Pholas bores into rocks, etc. Eocene 
(perhaps Mesozoic) to present day. Ex. P. dactylus, Pleistocene 
and Recent. 

Teredo. Shell more or less globular, gaping at the ends, 
valves tri-lobed, with concentric ridges; without teeth; ad- 
ductors unequal. In the interior, under the umbones, is a long 
narrow plate for the insertion of the pedal muscle. Posterior 
part covered by a long, calcareous tube, which is sub -cylindrical, 
straight or curved, and often with partitions. Teredo perforates 
wood. Jurassic to present day. Ex. T. norvegica, Coralline 
Crag to present day. 

Pleuromya. Shell elongated, anterior side short and rounded, 
posterior long and generally compressed, sometimes gaping; 
surface with concentric folds. Hinge without teeth, but each 
valve with a tooth-like boss near the umbo. Ligament external. 
Adductor impressions faintly marked ;. pallial sinus deep. Trias 
to Lower Cretaceous. Ex. P. donacina, Corallian and Kime- 
ridgian. 

Gresslya. Shell oval, elongate, very inequilateral, smooth 
or with concentric furrows; anterior side high and inflated, 
posterior side narrowing and somewhat compressed. Umbones 
anterior, close together; lunule sometimes well marked. Liga- 
ment internal. Right valve a little higher and larger than the 
left. Adductor impressions shallow ; pallial sinus deep. Behind 
the umbo of the right valve is a tooth-like projection and an 
internal plate— the latter appears as a furrow in casts of the 
shell. Jurassic. Ex. O. gregaria, O. abducta, Inferior Oolite. 

Ceratomya ( = Ceromya). Shell heart-shaped, inflated, in- 
equilateral, finely granular, with concentric grooves. Left valve 
not quite so convex as the right. Anterior side short, posterior 
longer and compressed. Umbones prominent, anterior, curved 
forward. Hinge thickened, with a ridge behind the umbones; 
teeth absent. Pallial line sinuous. Jurassic. Ex. C. concentrica, 
Inferior Oolite to Cornbrash. 

Pholadomya. Shell thin, translucent, oblong or oval, ventri- 
cose, equivalve, gaping posteriorly and sometimes anteriorly. 
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Anterior side short and rounded. Surface with radiating ribs 
(corrugations) crossed by concentric folds or striae. Umbones 
prominent. Ligament external, short. Hinge without teeth 
or with a small transverse tubercle. Adductor impressions very 
faint. Pallial sinus moderately deep. Lias to present day; 
abundant and widespread in the Mesozoic; two species living, 
one in the Antilles, one in Japan. Ex. P. margaritacea, London 
Clay. 

Homomya. Similar to Pholadomya. Without radial ribs; 
surface v smooth or ornamented with fine granules. Trias to 
Cretaceous. Ex. H, gibbosa, Inferior and Great Oolite. 

Goniomya. Similar to the last two, but with V-shaped ribs 
pointing ventrally. Lias to Cretaceous. Ex. G. literata, Great 
Oolite to Kimeridge Clay. 

Thracia. Shell rather thin, oblong, compressed, attenuated 
and gaping posteriorly: surface smooth or concentrically 
striated. Umbones nearly central, turned a little to the posterior 
side. Right valve usually larger than the left. External liga- 
ment short, prominent. Hinge without teeth. Behind the 
umbo is a stout process or ossicle in each valve to which the 
internal ligament is fixed. Adductor impressions small. Pallial 
sinus not deep. Trias to present day. Ex. T, pubescens, Coralline 
Crag to present day. 

4. PALJEOCONCHA 

Shell thin. Hinge either without teeth or with only im- 
perfectly developed teeth, and without hinge-plate. Liga- 
ment external. Two nearly equal adductors. Pallial line 
simple. This group is a provisional one and includes primi- 
tive Palaeozoic genera, the affinities of which have not yet 
been determined. 

Grammysia. Shell elongate-ovate, very inequilateral, orna- 
mented with concentric furrows, and one or more radial folds 
passing from the umbo to the postero -ventral border. Umbones 
placed anteriorly. Lunule very deep. Hinge-margin thick, 
without teeth. Anterior adductor very small, posterior large. 
Pallial line simple. Silurian and Devonian. Ex. O. cingulata, 
Silurian; O. hamiUonensis, Devonian. 
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Gardiola. Shell thin, convex, oval, generally inequilateral; 
umbones prominent, incurved. Surface with well-marked 
radiating and concentric grooves. Hinge -line straight, probably 
with very small teeth; ligamental area large, horizontally 
grooved. Muscular impressions unknown. Silurian and De- 
vonian. Ex. C. interrupta, Lower Ludlow, etc. 

Cardiomorpha. Shell thin, smooth or with concentric lines; 
sub-quadrate or rounded, inequilateral, very convex. Umbones 
prominent, curved forwards; no lunule. Hinge toothless. 
External ligament small. Adductor impressions shallow; pallial 
line simple. Principally Carboniferous. Ex. G. oblonga, Car- 
boniferous Limestone. 

Edmondia. Shell sub-quadrate or ovate, convex, inequi- 
lateral; surface with concentric lines or ridges. Umbones 
anterior; no lunule, no escutcheon. Hinge toothless, with a 
thick ridge posterior to the umbones and separated from the 
edge of the valve by a groove. Posterior to the hinge is an 
internal, elongated 'ossicle'. External ligament small. Pallial 
line simple. Devonian and Carboniferous. Ex. E. unioniformis, 
Carboniferous Limestone. 

Sanguinolites. Shell elongate, very inequilateral, with 
rounded ends, the posterior part usually higher than the an- 
terior parts; surface with concentric ribs or lines. Umbones 
near the anterior end, with a ridge passing to the lower part 
of the posterior end; lunule and escutcheon distinct. Anterior 
adductor impression large, deep, limited posteriorly by a ridge ; 
posterior adductor shallow, near the hinge. Pallial line entire. 
Hinge toothless. Carboniferous. Ex. S. angustatus, Carboni- 
ferous Limestone. 



Distribution of the Lamellibranchia 

All the Laniellibranchs are aquatic animals, and by far the 
larger number are marine. The marine forms range from the 
shore-line down to a depth of 2900 fathoms; they are most 
abundant in shallow water, and are scarce at depths greater 
than 500 fathoms, jbut the following, and a few other genera, 
have been found Wow 1500 fathoms: Nucula, Nuculana, 
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Area, LimopsiSy Malletia, Verticordia, Cuspidaria ( = Necera) 
(see p. 295). 

Two genera, which may be Lamellibranchs, have been 
recorded from the Lower Cambrian of North America. In 
England the earliest forms appear in the Lower Ordovician. 
Lamellibranchs are not usually common in the Ordovician, 
but the Taxodonta, Mytilacea, Pteriacea and Palaeoconcha 
are represented. These groups continue throughout the 
Palaeozoic, {the Palaeoconcha being especially characteristic 
of the Ordovician, Silurian and Devonian .({The Schizodonts 
are well represented in the Carboniferous and Permiari by 
Schizodus, Carbonicola, etc. flhe Pectinacea begin in the 
Silurian and become numerous in the Upper Palaeozoic. 
In the Carboniferous the Palaeoconcha are represented by 
Edmondia and Sanguinolites. Allorisma (Carboniferous and 
Permian) is one of the few Palaeozoic genera with a pallial 
sinus. 

Lamellibranchs form an important part of the faunas of 
the Mesozoic and Tertiary formations. Most of the Palaeo- 
zoic genera die out before the beginning of the Mesozoic. 
In the Trias the Pteriacea, Pectinacea and Mytilacea are 
abundant. The Ostracea and Anomiacea now appear. The 
Schizodonta, Heterodonta and Desmodonta are represented 
by a few genera. In the Jurassic and Cretaceous all these 
groups increase in importance. The Taxodonta are repre- 
sented by numerous forms allied to Area and Cucullcea; 
the Schizodonts by many species of Trigonia. The Creta- 
ceous period is distinguished by the abundance of Inoceramus, 
and by the presence of the Rudistids (Hippurites, Badiolites 
and others), /in the Tertiary period the Heterodont group 
attains the greatest importance. J 

fFresh water lamellibranchs are generally rare in the 
Palaeozoic and Mesozoic formations. Probably the earliest 
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form is Archanodon] ( = Amnigenia) jukesi from the Old 
Red Sandstone. In the Coal Measures several species of 
Carbonicola, Anthracomya, and Naiadites occur. The living 
type Unto has been found in the Inferior Oolite of York- 
shire, and is fairly common in the Purbeckian and Wealden 
of the south of England, where it is associated with Cyrena. 
Fresh water lamellibranchs also occur in the Woolwich 
Beds, the Oligocene deposits, and in the Pleistocene river- 
gravels. 

The principal genera of Lamellibranchs found in the dif- 
ferent systems are as follows : 

Ordovician. Ctenodonta, Cyrtodonta, Heikia, Modiolopsis, 
Ambonychinia, Mytilarca, Actinopterinia, Shaninopaia. 

Silurian. Ctenodonta, Cardiola, Pterinea, Palceopecteni Am- 
bonychia, Modiolopsis y Orammysia. 

Devonian. Nucula, Ctenodonta, Cardiola, Pterinea, Aviculo- 
pecten, Actinopteria, Megalodon, Conocardium, Orammyaia. 

Carboniferous. Nucula, ParaUelodon, Poaidonia, Pinna, 
Conocardium, Leiopteria, subgenera of Pecten, Aviculopecten, 
Pterinopecten, Schizodua, Protoachizodua, Carbonicola ( = An- 
co8ia), Anthraoomya, Edmondia, Sanguinolites, Cardio : 
morpha. 

Permian. Bakevettia, Schizodus, Pseudomonotis (Eumicrotis), 

Trias. Nucula, Nuculana, Palceoneilo, Oervillia, Hoernesia, 
Pteria, Monotis, Casaianella, Halobia, Oatrea, Pecten (sub- 
genera), Lima, Myophoria, Megalodon, Cardium, Palceocardita. 

Jurassie. Nucula, Nuculana, Area, Grammatodon, Myoconclia, 
Modiola, Hippopodium, Pteria, Pseudomonotia, Oervillia, Perna, 
Pinna, Oatrea, Oryphcea, Lopha (—Alectryonia), Pecten (various 
subgenera of), Lima, Cardinia, Trigonia, Diceraa, Cardium, 
Mactromya ( = Unicardium), Aatarte, Opia, Aniaocardia, Pachy- 
riama, Pleuromya, Ceratomya, Oreaslya, Pholadomya, Homomya, 
Ooniomya, Thracia. 

Cretaceous. Nucula, Area, CucuUosa, Modiola, Myoconcha, 
Oervillia, Inoceramua, Perna, Pteria, Buchia ( = AuceUa), Aucel- 
Una, Oatrea, Exogyra, Lppha (=Alectryonia), Pecten (the sub- 
genera Chlamya, Syncyclonema, Neithea, etc. ), Lima, Spondylus, 
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Plicatula, Unio, Trigonia, Hippurites, Radiolites, Sphoerulites, 
Cardium, Protocardia, Thetironia, Cyprina, Cyrena, Macro- 
callista, Panopea, Pholadomya. 

Eocene. Nucula, Area, Olycimeris (Pectunculus), Pinna, Pecten 
(Chlamys, etc.), Ostrea, Ghama, Cardium, Venericardia, Cardita, 
Astarte, Crassatella, Cyprina, Lucina, Cyrena, Corbicula, Mere- 
trix, Psammobia, Tellina, Corbula, Panopea, Pholadomya. 

Oligocene. Mytilus, Dreissensia, Ostrea, Cyrena, Corbula, 
Erodona ( — Potamomya), Lucina, Meretrix, Venus, Psammobia. 

Miocene. Barbatia, Anadara, Pecten, Anomia, Ostrea, Cardita, 
Lucina, Venus, Meretrix, Dosinia. 

Pliocene. Nucula, Olycimeris ( = Pectunculus), Mytilus, Pecten, 
Chlamys, Cardium, Cardita, Astarte, Cyprina, Isocardia, Lucina, 
Venus, Dosinia, Tellina, My a, Pholas, Thracia. 



CLASS II. AMPHINEURA 

The Amphineura include Chiton and its allies. The body is 
bilaterally symmetrical and more or less elongated, with the 
mouth in front and the anus at the posterior end. The head 
is without tentacles and eyes. The mantle covers the dorsal 
surface and the sides of the body. A nerve-ring surrounds 
the oesophagus and from it two nerves come off on each 
side and extend to the posterior end of the body; ganglia 
are poorly or not at all developed. A radula is sometimes 
present. All the Amphineura are marine. There are two 
Orders. 

(1) Polyplacophora. The foot is large and flat, and forms 
the whole of the ventral surface of the body. There are 
numerous (6 to 80) pairs of gills, which are placed in a 
groove between the foot and the mantle. The shell consists 
of eight transverse plates placed in a longitudinal row on the 
dorsal surface of the body ; each plate usually overlaps the 
one behind it, and a flexible band or girdle encircles the 
whole series of plates. 

wp 18 
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Polyplacophora live chiefly in shallow water, but a few 
examples have been found at great depths. Although of 
great antiquity and represented by a large number of living 
species, they are rarely found fossil. The earliest forms 
(Priscochiton) occur in the Ordovician; Helminthochiton is 
found in the Silurian ; Gryphochiton and other genera in the 
Carboniferous; Lepidopleurus, Chiton and others in the 
Tertiary. 

(2) The Aplacophora are worm-like in form, and being 
without a shell are not known fossil. 



CLASS III. GASTEROPODA 



Well-known examples of the Gasteropoda are the snail, the 
wj^gjk, and the c owr^ ^Th e bilater al symmetry, so chara c- 
t eristic of the lamellibranchs, is generally to a large extent 
obliterated, owing to the twisting of the visceral mass land 
the atrophy of some of the organs on one side of the body. 
There is a distinct head, which bears one or two pairs of 
tentacles, and usually also eyes. On the ventral surface 
of the body is the foot; this is usually large and sole-like 
and used for crawling, but in the Heteropods it is in the 
form of a nattenedfta^and in the Pteropods it is wing-likcj 
The mantle is never divided into two lobes. Respiration 
takes place in some cases through the skin, but generally 
by means of a lung- cavity or by gills; the latter are placed 
in a sac formed by the mantle ; sometimes they are present 
on both sides of the body, but usually the original left gill 
has disappeared. In some forms the mantle, at the opening 
of the gill-sac, is produced into a tube, known as the siphon, 
by means of which water passes to the gills. The heart is on 
the dorsal surface, and consists of a ventricle and usually 
one, but in some cases two auricles. Hn many forms the gills 
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are placed in front of the heart, 1 but in others behind it. 
The mouth is at the anterior end of the body, and the anus 
is near the opening of the gill chamber. On the floor of the 
cavity of the mouth is a dental apparatus, known as the 
odo ntophore : this consists of a cartilaginous and muscular 
ridge on which rests a chitinous ribbon (the radula ); the_ 
radula bears numerous teeth placed in row s, and serves as 
a raspmg organ. The arrangement of the teeth varies in 
different genera and is of considerable importance in classi- 
fication, but since the radula has never been definitely 
recognised in fossil forms, it can only be used by the palae- 
ontologist in the case of genera which have existing repre- 
sentatives }\ In most gasteropoda, except the carnivorous 
genera and the Heteropods, there are ,also one or two horny 
jaws in the upper part of the mouth which are used for 
bitingJ^ The nervous system consists of ganglia which are 
connected by nerve -cords. Typically there are three pairs 
of principal ganglia — the cerebral placed above the oeso- 
phagus, and the pleural and pedal placed below it ; a visceral 
nerve- cord, which may bear ganglia, comes off from the 
pleural ganglia, and forms a loop ventral to the intestine. 
In some gasteropods this loop is simple, but in others (the 
Prosobranchiata) one side is bent over so that the loop 
forms a figure of 8. In some gasteropods the sexes are 
separate; others are hermaphrodite. 

I n the majority of the gasteropods a shell is se ere ted 
by the mantle; in a few forms, as for instance the slugs, it 
is internal, but usually it is external and covers the visceral 
mass. The shell consists of a single pi er-p, a.nrl is h ence said 
t o be univalve . I n the limpet (Patella) it has the f orm of a 
hollow cone. : but in most cases it consists of a long tube, 
open at one end, and tapering to a point at the other. This 
tube is coiled into a spiral, generally screw-like, each coil 

18-2 
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being termed a whorl; in a few genera (e.g. Vermetus, Sill- 
quaria) the whorls are separated, but as a rule they are in 
contact (fig. 130), the line between two contiguous whorls 
being known as the suture (su). All the whorls, except the 
last, together form the spirt (8) of the shell, the point of 
which is termed the apex (a). The last whorl is nearly 
always larger — frequently much larger — than the one pre- 
ceding, and the part of it farthest from the apex is called 
the base of the shell. The spire varies in form in different 
genera and species; sometimes it is composed of a large 
number of whorls, sometimes of few, and it may be long, 
short, or depressed: occasionally al? the whorls are in one 
plane. The angle of the spire (spiral angle) consequently 
varies ; this is measured by lines drawn from the apex to the 
base of the shell on opposite sides of the exterior of the 
whorls. Yrhe coiling of the shell is usually dextral', so that 
when the apex of the shell is pointed away from the observer 
(as in fig. 130) the aperture will be on the right-hand side; 
in a few cases it is sinistral, when the aperture will be on the 
left/ Sinistral forms may occur as 'sports' in a dextral 
species, or they may be characteristic of a species or occa- 
sionally of a genus. 

Frequently the inner parts of the whorls coalesce, and 
form an axial pillar extending from the apex to the base of 
the shell (fig. 130) and known a s the columell a. \n other 
cases the inner parts do not fuse, and in the place of the 
columella there is left a tube-like space, extending from the 
base of the shell a greater or less distance towards the apex ; 
this space, which opens at the base of the shell, is called 
the umbi licus . When there is a columella the shell is said 
to be imperforate, when instead there is an umbilicus it is 
perforate. The opening of the umbilicus sometimes becomes 
partly or completely filled up with callus (see p. 278). The 
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animal is attached to the columella by means of a muscle, 
the contraction of which enables it to withdraw completely 
into the shell; but, when not re- 
tracted, the coiled visceral mass 
only is covered by the shell. 

Usually the cavity of the gas- 
teropod shell is continuous from 
the apex to the aperture, but in 
a few cases partitions are thrown 
across the earlier parts of the 
shell (fig. 130), forming chambers 
which remain empty. The form 
of the a^rtur ej^aries consider - 
ably in different genera and isof 
gTeaTTmportance in classifica- 
tion ; in shape, it maybe circular, 
ovatT elongate, oT)T6ng, etc. Jts 
margin is termed the peristome : 
the outer part forms the outer lip 
(L), the inner part (that next 
the columella) the inner lip. As 
the gasteropod crawls along, the 
shell is carried on the dorsal sur- 
face of its body with the apex 
directed backward and upward, 

and the aperture downward ; con - the aperture ; ac, anterior canal ; 
., ,! , -,, . pc, posterior canal. (From Wood- 

sequently the part oi the aperture ^ a ^ \ 

farthest from the apex is anterior , 

the opposite (nearest the apex) is posterior. Sometimes, as in 

Natica, there is no break in the peristome, and it is then said to 

be entire or holostomatous ; in other cases the anterior border 

is notched or produced into a tube (ac) in which the incur- 

rent siphon is placed, and these forms are said to be siphono- 




Fig. 130. Longitudinal section of 
Cymatium [Tritonium] corruga- 
turn. The upper part of the spire 
has been partitioned off many 
times successively, a, apex; su, 
suture; S, spire; L, outer lip of 
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stomatous] sometimes there is also at the posterior border 
another notch or a canal (pc), in which the excurrent or 
anal siphon is placed. ]|The outer lip may be thin and sharp, 
or thickened. Sometimes it is curved outwards, and is then 
said to be reflected; or it is curved inwards — inflected. Its 
margin may be even, or crenulated, or produced into pro- 
cesses, or grow outwards to form a wing-like projection. Jin 
some genera a shelly deposit, termed callus, is secreted by the 
mantle on the inner lip and adjoining part of the last whorlf 
'Many genera have a calcareous or horny plate, known as 
the operculu m, attached to the dorsal part of the posterior 
end of the foot ; this is so arranged that when the animal 
withdraws into its shell the operculum more or less com- 
pletely closes the aperture/ It probably represents the 
byssus of the lamellibranch^The operculum is seldom pre- 
served fossil ; its form varies considerably in different genera, 
in some (Turbo) it is of very large size with the inner surface 
flattened and the outer convex ; it may have a spiral struc- 
ture, and is then sometimes formed of a large number of 
whorls (multispiral) as in Trochus, or of a few whorls (pauci- 
spiral) as in Littorina. When not spiral it may be concentric, 
if growth takes place equally all round ; it is then marked 
with concentric lines, the nucleus being nearly central, as 
in Viviparus ; or it may be unguiculate or claw-shaped when 
the nucleus is at the apex as in Fusinus. 
I The form of the shell in the spiral gasteropods varies 
considerably^ depending on the arrangement of the whorls 
in one plane or in a helicoid spiral, on the spiral angle, on 
the number and shape of the whorls, on the size of the last 
whorl and whether it conceals the earlier whorls or not. 
The chief types are the following : 

1. Discoidal; all the whorls are nearly or quite in one 
plane, and all are visible on the exterior as in Planorbis. 
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2. Conical or trochiform; conical with a moderately acute 
spire and a flat base. The whorls increase in diameter 
uniformly and have nearly flat surfaces, e.g. Trochus. 

3. Turbinate; conical with a convex base, as in Turbo. 

4. Turreted; spire long, very acute, formed of numerous 
whorls which increase in diameter slowly and uniformly, as 
in Turritella. 

5. Fusiform; spindle-shaped, thickest in the middle and 
tapering to each end. The spire is elongated and the base 
of the last whorl is produced into a long neck, as in Fusinus. 

6. Cylindrical; after the first few whorls their diameter 
remains constant or may decrease near the anterior end of 
the shell, as in PupiUa. 

7 . Globular; spire short, last whorl large and rounded, 
as in Natica. 

8. Convolute ; when the last whorl is very large and convex 
and covers all or nearly all the others arid the aperture is 
consequently as long as the shell, as in CyvrcecL. 

(The surface of the shell is frequently ornamented with 
spines, knobs, ribs, or striae ; these are said to be spiral when 
they run parallel with the sutures, and transverse when they 
cross the whorls from suture to suture. In some genera 
(e.g. Murex) rows of spines, or lamellar processes, extend 
across all the whorls from the apex to the base of the shell, 
forming what are termed varices. 4The surface of the shell 
in recent gasteropods is generally coloured, often variegated ; 
in fossil examples the colour has nearly always disappeared, 
but a few specimens, from various formations, even as early 
as the Carboniferous, have been found showing the colour 
more or less perfectly preserved. ^The shell consists of an 
outer chitinous layer, and of a calcareous layer, usually 
aragonite, which is thick and porcellanous ; in some cases 
there is also an inner nacreous or pearly layer. 
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The p rotoconch or embry onic shell, i s often found at the 
apex* of the shell, and usually consists of several whorls 
differing in character from those of the rest of the shell. 
The gradual development of the ornamentation on the 
gasteropod shell may be traced on the whorls which follow 
the protoconch. 

The Gasteropoda are divided into three Orders: (1) Proso- 
branchiata, (2) Opisthobranchiata, (3) Pulmonata. 

ORDER I. PROSOBRANCHIATA 

In the Prospbranchiata (or Streptoneura) the visceral nerve- 
cord is twisted into a figure of 8. Usually one gill only is 
present, and it is generally placed in front of the heart. 
The sexes are separate. An operculum is found in most 
cases. The Prosobranchiata are divided into two sub-orders, 
(l\ the Aspidobranchia, (2) the Pectinibranchia. 

SUB-ORDER 1. ASPIDOBRANCHIA 

The axis of the gill is attached at its base only and bears 
two rows of plates (bipectinate). This group includes the 
more primitive gasteropods in which signs of the original 
symmetry are shown by the presence of two kidneys, two 
auricles and, in some cases, two gills. The Aspidobranchs 
are nearly all marine and include the majority of the Palaeo- 
zoic gasteropods. 

Patella. Shell conical, outline oval or sub-circular; apex sub- 
central, nearer the anterior border; surface with radiating ribs 
or striae, rarely smooth. Margin simple or spinose. Muscular 
impression horse-shoe shaped, open in front. Jurassic (perhaps 
Palaeozoic also) to present day. Ex. P. vulgata, Pliocene to 
present day. 

Pleurotomaria. Shell trochiform, conical, turbinate, or 
nearly discoidal ; interior nacreous. Umbilicus present or absent. 
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Aperture sub -quadrate or oval, outer lip sharp, with a slit 
which, as the shell grows, becomes filled up, leaving a band on 
the whorls, towards which the lines of growth are directed 
obliquely backwards. Operculum horny. Trias to present day; 
common and widespread in Jurassic; four species living in the 
seas of the West Indies and Japan at depths of from 70 to 
200 fathoms. Palaeozoic representatives of the Pleurotomariidae 
begin in the Silurian. Ex. P. anglica, Lias; P. ornata, Inferior 
Oolite. 

MuFchisonla. Shell turreted, with many, more or less 
angular whorls, provided with a band as in Pleurotomaria. 
Aperture oblong, with a slit, and a very short anterior canal. 
Devonian to Trias; mainly Devonian and Carboniferous. Ex. 
M. verneuilianay Carboniferous Limestone. Allied genera (Cyrto- 
stropha, Hormotoma, etc. ) occur in the Lower Palaeozoic. 

Bellerophon (fig. 131). Shell globular, smooth or with 
growth-lines; umbilicus small or closed; whorls few, embracing, 
symmetrically coiled in one plane ; with or 
without umbilicus. Aperture sub -circular 
or oval, with a deep median slit, which is 
replaced by a band or keel dividing the 
shell into two similar parts; columellar 
edge often with callus. Silurian to Per- 
mian; maximum in Carboniferous. Ex. 
B. tenuifaacidy Carboniferous Limestone. F - 231 Bellerophon 
Allied genera are Bucaniopsis, Cymbularia, f rom ^e Carboniferous 
Euphemu8, Sinuites, Waagenella. Limestone, showing the 

Emargimila. Shell conical, surface slit in the aperture, xf. 
generally ornamented with a trellis-work 

of longitudinal and transverse ribs; apex not perforated, curved 
posteriorly. Anterior border with a well-marked slit, which be- 
comes filled up during growth, leaving a raised band. Muscular 
impression horse-shoe shaped; no internal septum. Jurassic 
(perhaps Carboniferous ) to present day. Ex. E.fissura, Coralline 
Crag to present day. 

Fissurella. Shell similar to Emarginula, but more or less 
depressed; apex perforated and nearer the anterior than the 
posterior border; no marginal slit. Muscular impression as in 
Patella. Fissurella is divided into several sub-genera;.many of 
the fossil species belong to the sub-genus Fissuridea. Jurassic 
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to present day. Ex. F. crassa, Recent ; F. grceca, Coralline Crag 
to present day. 

Euomphalus. Shell depressed, discoidal or conical, with a 
wide and large umbilicus; whorls convex with a ridge on the 
upper surface. Aperture polygonal; outer lip with a slit on its 
upper surface. Silurian to Trias; maximum in Carboniferous. 
Ex. E, pentangulatU8, Carboniferous Limestone. 

Poleumita ( = Horiostoma of some authors). Form similar 
to Euomphalus. Whorls ornamented with spiral keels and 
numerous transverse striae or fine ribs. Aperture without a slit. 
Common in the Silurian. Ex. P. discus, Silurian. 

Turbo. Shell solid, turbinate or conical, whorls convex, 
interior nacreous. Aperture large, circular, entire, slightly pro- 
duced anteriorly; outer lip sharp. Columella curved, flattened. 
Imperforate, or with a small umbilicus. Operculum thick, cal- 
careous, exterior convex, interior flat and spiral, nucleus central 
or sub-central. Jurassic to present day. Ex. T. marmoratus, 
Recent. There are numerous sub -genera. 

Phasianella. Shell elongated, ovate, smooth, polished, 
without an umbilicus, interior porcellanous. Whorls rounded. 
Aperture ovate, entire, rounded anteriorly, angular posteriorly; 
outer lip thin, simple, sharp. Columella smooth, flattened, with 
a narrow band of callus. Operculum calcareous, win** an excen- 
tric nucleus. Upper Cretaceous to present day. Ex. P. australis, 
Recent; P. gosauica, Upper Cretaceous. 

Amberleya. Shell turbinate, elongate, without umbilicus. 
Whorls ornamented with several spiral keels which are usually 
spiny or nodular; between the keels are numerous transverse 
striae or fine ribs. Base rounded. Aperture sub-oval; outer lip 
often crenulated. Trias to Cretaceous (chiefly Jurassic). Ex. A. 
ornata, Inferior Oolite. 

Cirrus. Shell sinistral, conical or turbinate, or sometimes 
nearly discoidal, with a very large umbilicus. Spire acute. 
Whorls irregular, ornamented with strong transverse nodular 
ribs and finer spiral ribs; last whorl large. Aperture rounded, 
entire. Trias to Inferior Oolite. Ex. C. nodosus, Inferior Oolite. 

Trochus. Shell conical, whorls numerous and flat or slightly 
convex, spire sharp, interior nacreous; base flat or nearly so, 
angular at the periphery. Aperture entire, rhomboidal; outer 
lip sharp, oblique. Columella twisted, with a prominent an- 
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terior tooth-like protuberance or a fold. Operculum horny, 
multispiral, nucleus central. Trias to present day. Ex. T. nilo- 
ticus, Recent. There are numerous sub -genera. 

Nerita. Shell thick, solid, ovoid or semi -globose, without an 
umbilicus ,• interior not nacreous. Spire very short, flat. Surface 
smooth, or with spiral ribs. Aperture semicircular, entire; outer 
lip thick, the interior generally denticulate; inner lip flattened, 
with callus, and a straight denticulate border. Operculum cal- 
careous, nucleus oxcentric. Cretaceous to present day. Ex. 
N. ustulata, Recent; N. globosa, London Clay and Bracklesham 
Beds. 

Theodoxus ( = Nerltina). Form similar to Nerita. Shell 
relatively thin, usually smooth and with colour marking. Outer 
lip sharp, not thickened, with interior not denticulate ; inner lip 
flattened, with sharp or finely denticulate border. Eocene 
(perhaps earlier) to present day. Lives in brackish or fresh 
water. Ex. T. concavus, Headon Beds; T. zebra, Recent. 

SUB-ORDER 2. PECTIN IBRANCHI A 

The gill is attached to the mantle throughout its length, and 
bears one row of plates only. There is no sign of bilateral 
symmetry in the circulatory, respiratory and excretory 
organs — only one kidney, one auricle, and one gill being 
present. 

Macrochilina ( = Macrocheilit8). Shell elongate -oval, with 
sharp spire, and last whorl high. Surface smooth or with 
growth-line. Sutures shallow. No umbilicus. Aperture ovate, 
angular behind, with a shallow anterior canal ; outer lip thin, 
inner lip with a weak anterior fold. Silurian to Trias. Ex. 
M. arculata, Devonian. 

Loxonema. Shell turreted, spire very long, consisting of 
numerous convex whorls; ornamented with sinuous growth- 
lines; sutures deep. No umbilicus. Aperture long, enlarged 
in front, with shallow canal ; outer lip sharp, sinuous. Ordovician 
to Carboniferous; mainly Silurian. Ex.^L* sinuosum, Silurian. 
Pseudozygopleura, Eoptychia, Microptychis found in the Carbon- 
iferous, are allied to Loxonema. 
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Pseudomelania. Shell elongate, with many nearly flat 
whorls, without umbilicus, spire long, surface smooth or with 
growth-lines. Aperture oval, entire, rounded in front, narrowed 
and angular behind; outer lip sharp. Columella smooth. Trias 
to Cretaceous; common in Jurassic. Ex. P. heddingtonensis, 
Corallian. 

Epitonium ( — Scalaria). Shell turreted, spire elongate; 
whorls numerous, very convex, only just in contact or slightly 
separated, ornamented with regular varices, frequently with 
spiral ridges also. Umbilicus more or less distinct. Aperture 
circular, entire, margin thickened. Operculum horny, pauci- 
spiral. Jurassic to present day. Ex. E. scaktris, Recent; 
E. groenlandicum, Red Crag to present day. 

Archltectonica ( = Solarium). Shell conical, depressed, angu- 
lar at the periphery. Aperture entire, sub -quadrate; lip sharp. 
Ornamented with spiral ridges. Base flat. Umbilicus wide and 
deep, limited by a sharp edge which is generally crenulated. 
Operculum horny, spiral. Jurassic to present day. Ex. A. per- 
8pectiva, Recent ; A. canaliculate, Barton and Bracklesham Beds. 

Purpuroidea. Shell thick, oval, spire rather short, last 
whorl inflated. Whorls step -like, flattened below the suture, 
with tubercles or spines at the angles. Aperture with a small 
notch anteriorly; outer lip thin. Inferior Oolite to Upper 
Cretaceous. "Ex. P. nodulata, Great Oolite. 

Littorina. Shell thick, without a nacreous layer, turbinate, 
with few whorls, without umbilicus. Aperture rounded, angular 
behind, outer lip sharp. Columella flattened. Operculum horny, 
paucispiral. Lias to present day. Ex. L. littorea, Red Crag to 
present day. 

Capulus. Shell thin, conical, with apex bent considerably 
backward and more or less spirally inrolled; with fine radial 
ribs. Aperture rounded or irregular. Muscular impression horse- 
shoe shaped. Lower Palaeozoic to present day. Ex. C. hungaricus, 
Coralline Crag to present day. 

Platyceras. Allied to Capulus; apical part usually more 
extensively coiled, dextral. Surface smooth, or with concentric 
striae, or radial folds or spines. Silurian to Carboniferous. 
Ex. P. cornutum, Silurian, 

Calyptrsea. Shell thin, conical, trochiform, spiral, apex 
central ; interior with a spiral plate under the apex and attached 
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at the periphery. Aperture nearly circular. Cretaceous to 
present day. Ex. C. chinensis, Miocene to present day. 

Natica. Shell oval, globular, generally smooth, spire short, 
last, whorl very large. Aperture semi -lunar or oval* entire; 
outer lip sharp, oblique; inner lip thickened with callus, not 
crenulate. Umbilicus present, partly covered by callus. Oper- 
culum of the same size as aperture, horny or calcareous, pauci- 
spiral, nucleus excentric. Trias to present day. Ex. N. canrena, 
Recent: N, millepunctata, Coralline Crag to present day. There 
are numerous sub -genera. 

Xenophora ( — Phorus). Shell conical, low, with flattened or 
concave base; periphery of last whorl sharp. Surface with fine 
growth ridges. Aperture large, oblique, lower part concave, 
outer lip sharp Pnd oblique. Umbilicus generally small and deep, 
sometimes partly or completely closed by callus. Whorls 
flattened, covered with agglutinated foreign bodies. Cretaceous 
to present day. Ex. X. agglutinins, Barton Beds. 

Viviparus ( = Paludina). Shell thin, turbinate, with a thick 
periostracum ; whorls convex, smooth or with faint ribs. 
Umbilicus very small or absent. Aperture entire, oval, slightly 
angular behind. Operculum horny with concentric striae, and 
excentric nucleus. Inferior Oolite to present day. Lives in fresh 
water. Ex. V. lentus, Bembridge Beds. 

Turritella, Shell without umbilicus, turreted with many 
flat or slightly convex whorls, ornamented with spiral ribs and 
with striae of growth; spire very long and acute. Aperture oval 
or sub -quadrate, entire, outer lip thin, sinuous, slightly pro- 
duced in front. Operculum horny. Cretaceous to present day. 
Ex. T. communis, Pliocene to present day; T. imbricataria, 
Barton and Bracklesham Beds. 

Thiara ( = Melania). Shell with dark periostracum, elongate, 
turreted, with many whorls, without umbilicus, apex sharp but 
usually corroded. Surface smooth, or ornamented with spiral 
and transverse striae, sometimes with tubercles or spines. Aper- 
ture oval, entire, narrow behind, rounded in front; outer lip 
sharp, slightly sinuous behind. Columella smooth. Operculum 
horny, oval, sub -spiral. Wealden to present day. Lives in fresh 
water. Ex. T. amarula, Recent; T. acuta, Bembridge Beds. 

Nerinea (fig. 132). Shell elongate, usually without an 
umbilicus, whorls numerous. Aperture sub-quadrangular, oval, 
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or elongate, with a short anterior canal; outer lip thin, with a 

posterior slit near the suture, which becomes filled, leaving a 

continuous band. Columella and also the 

interior of the whorls furnished with folds 

which are continuous to the apex. Inferior 

Oolite to Upper Cretaceous. Ex. N. cingenda, 

Inferior Oolite. 

Cerithium. Shell without an umbilicus, 
turreted, without periostracum. Whorls 
numerous, narrow, the last whorl always 
much shorter than the spire; with spiral 
ornament. Aperture oblong or semi -oval, 
with a short posterior canal and a well- 
marked recurved anterior canal; outer lip 
more or less thickened and often somewhat 
reflected; columellar edge concave. Oper- 
culum horny, oval, paucispiral, with sub- 
marginal nucleus. Cretaceous to present 
day. Ex. C. adansoni, Recent ; C. mutabile, 
Barton and Bracklesham Beds. There are 
several sub -genera. Cerithium in the re- 
stricted sense includes forms in which there 
is a strong ridge on the posterior part of the 
inner lip forming the inner boundary of the 
posterior canal, the outer lip is expanded in 
front, and the whorls are provided with 
varices. Ex. C. nodulosum, Recent. 

Potamides. Form similar to Cerithium. Shell with a brown or 
blackish periostracum. Aperture rounded or sub -quadrangular; 
either with a fold in front or a very short and not recurved an- 
terior canal; outer lip rather thin. Operculum circular, multi- 
spiral, with central nucleus. Lives in brackish water. Cretaceous 
to present day. Ex. P. lapidus, Eocene ; P. lamarcki, Oligocene. 

Aporrhais. Shell fusiform, without umbilicus, whorls nume- 
rous, angular, spire elongate. Aperture produced in front into 
a straight or curved canal. Outer lip expanded, thick, with an 
anterior sinuosity, lobed or digitate, the posterior process being 
attached partly or entirely to a part of the spire forming a canal. 
Operculum small. Cretaceous to present day. Ex. A. pes- 
pelicaniy Coralline Crag to present day. 



Fig. 132. Nerineatra 
chea, partly sliced to 
ahow the form of the 
interior. Great Oolite. 
(From Wood ward.) x§. 
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Dicroloma ( — Alaria). Similar to Aporrhais, but without a 
process from the outer lip attached to the spire, and without 
anterior sinuosity. Jurassic and Cretaceous. Ex. D. armata, 
Great Oolite. 

Strombus. Shell ovoid, ventricose, tuberculate or spiny, 
without umbilicus. Spire with several whorls. Last whorl very 
large. Aperture long, narrow, with a short anterior channel; 
canaliculate posteriorly; outer lip expanded, wing-like, thick, 
often lobed behind, with a sinus near the anterior margin and 
at the posterior end. Inner lip with callus. Operculum small, 
horny, claw -shaped, with serrated edge. Eocene to present day. 
Ex. S. pugilis, Recent. 

Tibia (—Rostellaria). Shell fusiform, spire elongate, com- 
posed of many whorls, which are smooth or faintly ribbed. 
Aperture oval, with a long straight or slightly curved anterior 
canal, and a posterior canal applied to the spire; outer lip 
expanded, with tooth-like processes, and an anterior bay. Oper- 
culum small, oval or claw -shaped, edge not serrated. Eocene to 
present day. Ex. T. curta y Recent; T. lucida, London Clay, 
etc. 

Hippochrenes. Similar to Tibia, but outer lip more 
expanded and wing-like and extending up to, or nearly to the 
apex; its margin without tooth-like processes. Upper Creta- 
ceous to Oligocene. Ex. H. amplus, Barton Beds. 

Rimella. Similar to Tibia, but with cancellate orna- 
mentation; outer lip but little expanded, reflected outwards; 
posterior canal reaching nearly to the apex of the spire ; anterior 
canal shorter. Eocene to present day. Ex. R. rimo§a, Barton 
Beds. 

Cyprsea. Shell ovoid or elongate, convex, convolute, surface 
covered with shining enamel. Spire almost or quite concealed 
by the last whorl. Aperture oblong and narrow, as long as the 
shell, with a short canal at each end; outer lip inflected and 
crenulated; inner lip crenulated. In the young form the outer 
lip. is thin and the spire prominent. Eocene to present day. 
Ex. C. mappa. Recent; C. oviformis, London Clay. Trivia 
is similar but smaller and with transverse ribs. Eocene to 
present day. Ex. T. europcea, Recent. 

Cymatium (fig. 130). Shell thick, oval, or fusiform. Spire 
elongate, with varices which are continued over a few whorls 
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only. Aperture with a posterior notch, and a short, slightly 
curved anterior canal; outer lip thick, crenulate internally; 
inner lip with callus and usually with folds. Eocene to present 
day. Ex. C. femorale, Recent; C. (Lampusia) corrugatum,, 
Recent. 

Buccinum. Shell ovoid or elongate, without an umbilicus. 
Spire of moderate length; last whorl large. Whorls convex, with 
small spiral ribs crossed by transverse folds. Aperture oval, 
large; outer lip simple, thin; anterior canal short, truncatod, 
a little reflected; inner lip a little sinuous, with callus. Oper- 
culum small, oval or circular. Pliocene to present day. Ex. 
B. undatum, Coralline Crag to present day. 

Liomesus ( — Buccinopsis). Spire shorter, and whorls less 
convex than in Buccinum; without transverse folds. Eocene 
to Recent. Ex, L. dalei, Pliocene and Recent. 

Nassarius ( — Nassa). Shell solid, ovate, elongate, without 
umbilicus, usually with transverse and spiral ornament. Aper- 
ture oval, pointed behind, with a very short reflected anterior 
canal; inner lip with callus, reflected on to the last whorl; 
outer lip thick, crenulate internally. Columella truncated, pro- 
vided with an oblique fold in front. Upper Cretaceous to present 
day. Ex. N, mutabilis, Pliocene and living. 

Ghrysodomus (—Neptunea), Shell solid, fusiform, spire 
more or less elongate; sometimes sinistral. Whorls rounded, 
smooth or with spiral lines. Aperture oval; outer lip simple, 
inner lip smooth; anterior canal short, slightly twisted. Oper- 
culum horny, unguiculate. Eocene to present day. Ex. C. anti- 
quus, Red Crag to present day. 

Sipho. Shell more slender, whorls less convex, and aperture 
narrower than in Chrysodomus. Pliocene to present day. Ex. 
S. gracile, Red Crag to Recent. 

Thais (—Purpura). Shell tuberculate, striated or lamellar, 
without varices. Spire rather short, last whorl large; no 
umbilicus. Aperture oval, large, with either an anterior notch 
or a short oblique anterior canal, and a posterior notch or 
groove. Columella flattened, with callus. Operculum lamellar, 
nucleus marginal. Miocene to present day. Ex. T. persica, 
Recent. Sub -genus Nucella, with rather longer spire, distinct 
anterior canal, and spiral ribs. T. (Nucella) lapillus. Red Crag 
to present day ; T. (N. ) tetragona, Pliocene. 
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Murex. Shell thick, oval or elongate, spire prominent and 

sharp; whorls convex, each carrying three or more varices, 

which may be spiny, foliaceous, or tubercular. Aperture ovate ; 

anterior canal more or less long, straight or curved, narrow and 

tubular, often nearly closed ,- no posterior canal ; outer lip thick, 

inner lip smooth. Operculum oval, nucleus sub -apical. Eocene 

to present day. Ex. M. brandaris, Recent; M. frondosus, 

M. tricarinatus (asper), Barton Beds. 

Typhis. Similar to Murex; small, with hollow spines; 
anterior canal short and completely closed. Eocene to present 
day. Ex. T. pungens, Barton Beds. 

Fusinus ( — Fusus), Shell without umbilicus, narrow, 
fusiform, elongate; spire sharp, with many rounded whorls. 
Ornament of spiral ribs and transverse ribs or folds. Aperture 
oval; outer lip simple, thin, interior often striated. A long, 
straight, narrow anterior canal, not closed. Columella smooth, 
without folds. Operculum oval. Cretaceous to present day. 
Ex. F. coins, Recent; F. porrectus, Barton Beds. 

Clavilithes ( = Clavella). Shell thick, usually large, fusiform, 
nearly smooth (except the earlier whorls, which have transverse 
and spiral ribs). Whorls often with a posterior carina near the 
suture. Aperture pyriform, channelled posteriorly, with a long 
straight anterior canal; outer lip thickened posteriorly. Last 
whorl contracting rapidly in front. Eocene to present day. 
Ex. C. longcevus, Barton Beds; C. parisiensis. Middle Eocene. 

Mitra. Shell fusiform, thick. Spire elevated, summit acute. 
Aperture narrow, elongate, with a wide and deep notch in 
front. Columella with four or five oblique folds, becoming 
stronger posteriorly; outer lip not reflected, thickened, but not 
grooved internally; inner lip with callus, thick in front. No 
operculum. Eocene to present day. Ex. M. episcopalia, Recent; 
M. fu&iformi s, Miocene; M. (Mitreola) labratula, Bracklesham 
Beds. 

Voluta. Shell thick, ovate, with short spire and turbinate 
protoconch. Last whorl very large; on the posterior part are 
nodules or spines which are continued anteriorly as transverse 
(or axial) ribs. Aperture elongate, rather narrow, with an 
angular channel at the posterior end ; broad, and deeply notched 
at the anterior end; outer lip thick; inner lip with thin callus. 
Columella with several transverse, only slightly oblique folds, 
wp 19 
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of which the four or five anterior are strong and nearly equal, 
and the posterior two or three, are smaller. Eocene to present 
day. Ex. V. musica, Recent; V. mttsicalis, Eocene. 

Volutospina. Shell fusiform, with rather short, conical 
spire; protoconch small, with sharp apex. Last whorl very 
large, tapering anteriorly. Whorls' step -like owing to the pos- 
terior part being flattened or concave ; at the angle of the whorls 
is a row of spines (usually prominent) which are prolonged 
anteriorly as transverse (or axial) ribs; the latter are usually 
crossed by spiral ridges. Aperture elongate; at the posterior 
end one channel at the suture, another at the level of the row 
of spines; anteriorly the aperture is truncated and slightly 
notched. Outer lip usually thin; inner lip with thin callus. 
Columella with four or five very oblique folds, of which the 
anterior ar£ stronger than the posterior. Upper Cretaceous to 
present day. Ex. V. spinosa, Eocene ; V. luctatrix, Barton Beds. 

Ancilla ( = AnciUaria). Shell smooth, oval or oblong; last 
wliorl large; sutures usually covered by callus. Aperture 
elongate, broadening anteriorly, with a small notch near the 
suture, and a deep sinuosity at the anterior end which is 
truncated; columella with callus posteriorly, twisted in front, 
and with folds anteriorly. Cretaceous to present day. Ex. 
A. buecinoide8 f Bracklesham, Barton, and Headon Beds; 
A. cinnamonea, Recent. 

Turri8 ( — PUurotoma). Shell turreted, fusiform, spire long 
and sharp, last whorl long. Aperture oval, elongate; outer lip 
curved, with a deep slit at a short distance from the suture; 
inner lip smooth. Anterior canal long, straight, narrow. 
Columella without folds. Operculum horny, ovate, acute, 
nucleus apical. Upper Cretaceous to present day. Ex/ T. baby- 
lonia, Recent; T. undata, Bracklesham Beds. Ther&Are nume- 
rous sub -genera. 

Conus. Shell conical, generally smooth, the last whorl 
enveloping the greater part of the preceding whorls. Spire 
short, flattened or conical, with many whorls. Aperture long, 
narrow, straight, with parallel or sub-parallel borders, ending 
anteriorly in a truncated canal ; outer lip thin, simple, no folds 
or teeth, notched at. the suture. Columella straight, smooth. 
Operculum horny, much smaller than the aperture. The outer 
shell is thick, but the inner parts of the whorls become resorbed 
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and very thin. Upper Cretaceous to present day. Ex. C. mar- 
moreus, Recent; G. deperditus, Bracklesham Beds. There are 
numerous sub -genera. 

Gonorbis. Biconical, with elevated spire. Outer lip arched, 
with a sinus near the suture. Eocene and Oligocene. Ex. 
C. dormitor, Barton Beds. 

The Heteropoda are a group of the Prosobranchiata which 
have become modified for a pelagic mode of life. The foot 
is laterally compressed so as to form a vertical fin. A shell 
may be absent, but, when present, it is always thin and 
light. Only a very few forms have been found fossil. 

ORDER II. OPISTHOBRANCHIATA 

The visceral nerve-cord (except in a few genera, e.g. Acteon) 
is a simple, untwisted loop. One gill only may be present, 
but is absent in some forms. The gill is placed behind the 
heart ; there is one auricle only, which is behind the ventricle. 
An op erculum is ge nerally absent. All the Opisthobranchiata 
are marine ; they are divided into two groups : 

(1) the Nudibranchia, in which there is no mantle, no gill, 
and no shell in the adult. No examples of this division have 
been found fossil ; 

(2) the Tectibranchia, which usually possess a mantle, a 
shell, and a true gill. The following genera are examples of 
the Tectibranchia. 

Acteon. Shell oval, ornamented with spiral pitted striae or 
grooves; spire prominent, conical, sharp. Aperture elongate, 
rounded in front; outer lip sharp; columella with one strong, 
slightly oblique fold at the anterior end. Cretaceous to present 
day. Ex. A. tomatilis, Coralline Crag to present day. 

Avellana. Shell globular, ornamented with spiral strisB or 
grooves; spire very short. Aperture semi-lunar, curved, entire; 
outer lip much thickened, reflected externally, dentate in- 
ternally. Inner lip thickened, with two or three prominent folds. 
Cretaceous. Ex. A. incrassata, Upper Greensand. 

19-2 
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Bulla ( = Bullaria). Shell solid, smooth, sub-globular or 
ovoid, convolute. Spire concave. Aperture as long as the last 
whorl, rounded at both ends, widest in front; outer lip sharp. 
Inner lip with callus. Cretaceous to present day. Ex. B. am- 
pulla, Recent; B. globulus, London Clay and Bracklesham Beds. 

The Pteropods are pelagic Opisthobranchs in which the 
foot is modified to form two lateral wing-like fins, and the 
head is not well marked. The shell is conical, urn-like or 
spirally coiled, but is absent in some forms. Pteropods occur 
in large numbers near the surface in the open ocean, 
especially in warm regions; and their shells, which are thin 
and transparent, form a considerable part of the ' pteropod 
ooze ' — one of the deep-sea deposits found in parts of the 
Atlantic Ocean. They are regarded as specialised members 
of the Tectibranch group which have become adapted to a 
pelagic mode of life. 

Living families of Pteropods, represented mainly by 
recent genera, occur in the Upper Cretaceous and Tertiary 
formations, but are not known from earlier deposits. In the 
Palaeozoic formations, however, numerous fossils, which have 
been regarded by various authors as Pteropods, are found. 
Thus in the Silurian and Devonian rocks large numbers 
of small conical smooth shells, which closely resemble the 
living Styliola, occur, and may be the remains of Pteropods. 

Hyolithes (fig. 133), Conularia,Tentaculites } Salter ella &nd 
other allied genera are also found in the Palaeozoic, beginning 
as far back as the Cambrian and Ordovician. Their shells, 
however, are larger and thicker than those of living Ptero- 
pods, and in Gonularia they were, in some cases, attached 
by the apical end. Some writers have suggested that these 
Palaeozoic genera are allied to primitive Cephalopods, since 
septa are sometimes, present in the shell and possibly also 
a siphuncle. The discovery by Walcott of the presence of 
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wing-like fins in specimens of Hyolithes from the Middle 
Cambrian supports the view that that genus is really a 
Pteropod; if that is confirmed it follows that the Pteropods 
are the oldest group of the Opisthobranchs and cannot have 
been derived from the later Opisthobranchs which are not 
known before the Carboniferous period. Conularia is con- 
sidered by Kiderlin to belong to the Scyphozoa (p. 78). 

ttyoJithes ( = Theca) (fig. 133). Shell calcareous, straight, 
rarely curved, pyramidal; its section triangular, elliptical, semi- 
elliptical or nearly circular ; surface smooth 
or striated; posterior part sometimes 
crossed by septa. Aperture with an oper- 
culum. Cambrian to Permian. Ex. H. 
elegans, Ordovician. 

Conularia. Shell thin, formed of chitin, 
more or less impregnated with lime ; gener- 
ally straight, pyramidal, with four sides; 
each angle of the pyramid with a straight 
groove; each lateral face may have a 
median longitudinal groove. Apical part 
of shell sometimes with a few convex 
septa. Surface smooth, or ornamented 
with numerous transverse, parallel, angu- 

lated ridges, and sometimes with longitudinal ridges. Aperture 
partly closed by incurved triangular lobes. Ordovician to Lias. 
Ex. C. quadriaulcata, Carboniferous. 

Tentaculites. Shell calcareous, thick, solid, in the form of 
a greatly elongated cone, straight or slightly curved, with 
circular section; apical part with septa, its end often with a 
vesicular enlargement. Surface provided with prominent, trans- 
verse, parallel rings, and with transverse and longitudinal stria*. 
Ordovician to Devonian. Ex. T. anglicus, Bala Beds. 

Other genera, which appear to be allied to the preceding, are 
Hyolithellus, Salterella, and Coleolus from the Cambrian. 




Fig. 1 33. Hyolithes from 
the Cambrian, showing 
the operculum. x|. 
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ORDER III. PULMONATA 

The mantle-cavity is modified to form a lung and there is 
no gill. The visceral nerve-cord is an untwisted loop. An 
operculum is nearly always absent in the adult. The Pul- 
monata are mainly land and fresh- water forms, and are 
hermaphrodite. They appear first in the Devonian. 

Limnsea. Shell spiral, thin, horny; last whorl very large, 
rounded; spire sharp. Aperture large, oval, rounded in front. 
Columella more or less twisted. Peristome sharp, entire. Pur- 
beck Beds to present day. Lives in fresh water. Ex. L. atagnalis, 
Pliocene to present day ; L. fusifonnis, Headon Beds. 

Planorbis . Shell discoidal, sinistral, horny, whorls numerous. 
Aperture oblique; peristome simple, sharp. Jurassic to present 
day. Fresh water. Ex, P. corneus, Red Crag to present-day; 
P. {Planorbina) euomphalus, Headon Beds. 

Helix. Shell variable — conical, or globular; smooth except 
for growth-lines; with or without an umbilicus; aperture 
oblique, slightly higher than wide. Peristome simple or re- 
flected. Eocene to present day. Lives on land. Ex. H. pomatia, 
Recent. There are numerous sub -genera. 

Distribution of the Gasteropoda, , , ^2$$ 

Some of the Gasteropoda live on/land, others in fresh 
water, but the majority are marine; they are found in the 
seas of all parts of the world but are especially abundant 
in warm regions and in comparatively shallow water. A few 
forms can exist both on land and in waterjffc.gr. Ampullaria, 
which commonly lives in lakes and rivers, and is also found 
on land. Some marine genera, such as Littorina, Cerithium, 
and Thais (Purpura), are able to live in fresh as well as in 
salt water; on the other hand some fresh- water forms are 
at times found living in the sea, e.g. Limncea, Theodoxus 
(Neritina), Bithynia, and Planorbis; this is especially the 
case in places where the water is less salt than the main 
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mass of the ocean, as for instance in the Baltic, where we 
find the genera just mentioned living side by side with 
Littorina and with the marine lamellibranchs Cardium, 
Tellina, and Mya. (The Opistjiobranchiata are entirely and 
the Prosobranchiata mainly marine. Nearly all the Pul- 
monata are found on land or in fresh water. | 

In this place a few words may be said with regard to the 
distribution of the marine Mollusca generally, t^ 

These may be divided into two groups belonging to the 
Plankton and the Benthos respectively. &^>° 

Th e Plankton includes an imals which swim or float either 
near the surface of the sea or at various distances below it , 
among the Mollusca the chief forms are the Pteropods, the 
Heteropods and a few other Gasteropods, as well as many 
Dibranchiate Cephalopods; the^jhejls in these are either 
thin and light or altogether wanting. The geographical 
distribution of the species which live near the surface is 
determined mainly by the temperature of the water. 

The Benthos includes animals jvhich are fixed to the sea 
flo'or or live crawling on it or swimming just above it. The 
distribution of the Mollusca in depth depends on the depth 
of the sea and the accompanying changes in temperature, 
pressure, light and other physical conditions. ^The Benthos 
may be divided into : 

(1) The Littoral zone, which extends between high and 
low water marks and is consequently inhabited by animals 
which can live exposed to air for periods each day. In the 
European seas this zone is characterised by the abundance 
of the genera Littorina, Trochus, Patella, Hydrobia, Haliotis, 
FisaureUa, Solen, Mya, Donax, Cardium. 

(2) The Continental shelf. This includes the gradual slope 
from the low water-mark down to a depth of 100 or some- 
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times 200 fathoms, and extends to a distance of from 20 to 
200 miles from land. It is on this part of the sea floor that 
most of the terrigenous deposits are laM down. The character 
of the molluscan fauna is influenced largely by the nature 
of the sediment on the sea-bottom, some genera (e.g. Mya, 
Scrobicularia, Lutraria) being found especially on muddy 
bottoms, others (e.g. Natica, Turritella, Cyprcea, Cardium) 
on sandy, and yet others (e.g. Buccinum, Littorina, Patella, 
Area) on rocky. 

The upper part of the continental shelf from low water 
down to about 15 fathoms is known as the Laminarian 
zone. It is characterised by the great abundance of algae 
(Laminaria, etc.) which afford food for numerous phyto- 
phagous molluscs; it is the region into which sunlight 
penetrates freely, the action of waves is felt, periodic 
changes of temperature occur, and the salinity is reduced 
owing to the drainage of fresh water from the land. In 
the European seas some of the commonest genera are 
Trochus, Nassaria, Rissoa, Ostrea. Nudibranchs are also 
very numerous. 

Below the Laminarian zone the conditions become more 
uniform and less liable to sudden alteration. The changes 
in temperature are gradual, and seasonal rather than diurnal ; 
the salinity is more constant, and light diminishes gradually 
with increasing depth and with it vegetation decreases. At 
a depth of about 100 fathoms (the lower limit of the conti- 
nental shelf) the finer terrigenous materials are deposited, 
forming what is known as the * mud-line* — a rich feeding 
ground for animals. 

The part below the Laminarian zone down to a depth 
of about 25 fathoms is known as the zone of Nullipores or 
Corallines on account of the numerous calcareous algae 
(Corallinaceae), and is characterised by the abundance of 
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Turris, Fusinus, Chrysodomus, Buccinum, Natica, Eulima, 
Venus, Dosinia, Astarte, Nucula, Area, Lima, Pecten. 

Below this is the zone of Brachiopods and deep-sea Corals ; off 
Europe Oculina is the common coral ; Brachiopods and Poly- 
zoa are abundant. Some of the chief molluscs are Turritella, 
Odostomia, Dentalium, Tellina, Cuspidaria ( = Necera), Yoldia. 

(3) The Deep Sea and Abyssal Region begins at the edge 
of the continental shelf with the relatively steep ' continental 
slope' extending down to about 500 fathoms, followed by 
the more gentle slope to the great deeps of the oceans. In 
this region light, except in the shallowest parts, is absent, 
the temperature is very low and nearly uniform at any one 
spot, currents are not felt, and the pressure of the water 
becomes very great. The only variation of importance is in 
the nature of the sediment which consists of fine ooze. The 
number of animals decreases with the increase of depth. 
The shells of the molluscs are mostly thin, colourless, 
transparent and of small size. Scaphopods are numerous; 
other common forms are Turris, Fusinus,Acteon, Scaphander, 
Philine, Area, Nucula, Limopsis, Nuculana, Lima, Pecten. 

Owing to the relative uniformity of the physical condi- 
tions the geographical distribution of the deep-sea species, 
although not unlimited, is greater than the range of the 
species which live on the continental shelf, especially on its 
shallower parts. 

Of the Mollusca which live in shallow water or at moderate 
depths some few species have a very wide or almost cosmo- 
politan distribution, but the majority have a more limited 
range. In studying the geographical distribution of these 
Molluscs it is found that a number of areas or provinces can 
be recognised, each of which is characterised by the abun- 
dance of certain genera and species, and by the presence 
of some species which are either confined to that province 
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or rarely found to extend beyond it; so that the general 
assemblage of molluscs found in each province possesses 
characteristic features. Two neighbouring provinces are not, 
as a rule, separated by a sharp boundary, and but few genera 
are confined to any one province. In the European and 
Northern Atlantic region the chief provinces 1 are: the 
Arctic, which includes the polar seas and extends as far 
south as the north coast of Iceland and the North Cape on 
the east of the Atlantic and to the shores of Newfoundland 
on the west; the Boreal, extending from the last down to 
near the southern end of Norway and including Iceland 
(except the north coast), the Faroe Islands and perhaps the 
Shetland Islands, and the American coast from the Gulf of 
St Lawrence to Cape Cod. The occurrence of the Boreal 
fauna on both sides of the Atlantic is accounted for by the 
former existence of a shallow coastal region across the North 
Atlantic along which this province was at that time con- 
tinuous ; the Celtic, including the coasts of Southern Sweden, 
the Baltic, Denmark, Northern France and the British Isles, 
and the Lusitanian, comprising the coasts of the Bay of 
Biscay, Portugal, the Mediterranean, and North-west Africa, 
including the Azores, the Canaries and Madeira groups. 
Altogether some nineteen provinces have been recognised, 
and these may be grouped into larger regions. 

The chief barrier to the geographical extension of species 
is temperature, and consequently their range is influenced 
largely by the warm and cold currents in the surface waters 
of the sea. An example of this is seen in the North Atlantic 
where, owing to the cold Labrador current, the Arctic 
province extends much further south on the American coast 

1 For a map of the provinces see Woodward's Manual of the Mollusca, 
or Fischer's Manual de, C&nchyliologie, or A. M. Davies' Tertiary Faunas, 
vol. II, 1934. 
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than on the European ; similarly, owing to the Gulf Stream 
drift the Boreal province is found further north on the 
European side than on the American. Another striking 
instance of the influence of currents is seen off South Africa ; 
the warm water molluscs of the West coast are separated 
from those of the East coast by the cold water of the Ant- 
arctic drift which flows to the coast of Cape Colony, forming 
a barrier between the West African province and the Indo- 
Pacific province, thus causing the Cape province to have a 
special molluscan fauna. 

The distribution of shallow- water molluscs is also inter- 
rupted by the presence of a wide and deep ocean. Thus 
the fauna of the Indo-Pacific province which extends from 
East Africa along the coasts of the Indian Ocean to the 
Malay Archipelago, Northern Australia and the islands of 
the Pacific as far as 108° W., is prevented from reaching the 
American coast by the deep and broad Pacific Ocean. 

Some species of molluscs which live in shallow water in 
cold regions are found to extend to temperate or tropical 
regions in deeper water where a similar temperature occurs. 
A few species are independent of both temperature and 
depth; thus Venus mesodesma was found on the shores of 
New Zealand at 55° F., and was dredged in 1000 fathoms 
at 37° F. off Tristan da Cunha. 

In the Palaeozoic and Mesozoic formations gasteropods 
are generally less abundant than lamellibranchs, but they 
exceed them at the present day. The earliest forms occur 
in the Lower Cambrian Beds J Throughout the Palaeozoic 
formations the holostomatous Prosobranchiates are the pre- 
dominating forms; no gasteropods with a well-developed 
canal are known to occur until the Trias \is reached, but 
Jiphonostomatous genera become fairly abundant) in the 
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Oolites, they increase still more 'In the Cretaceous, and in 
the Tertiary they are the principal forms. The Heteropoda 
are represented by a few forms only, the first occurring in 
the Miocene|The Opisthobranchiata range from the Carboni- 
ferous to the present day;\they are moderately well repre- 
sented in the Jurassic and Cretaceous formations, and 
become more abundant inthe Tertiary. Pteropods belonging 
to living types are found in' the Upper Cretaceous and later 
formations, and earlier forms which may belong to this 
group occur in the Palaeozoic. UMarine forms of Pulmonata 
appear first in the Devonian ; non-marine forms (e.g. Anthra- 
copupa) are found in the Carboniferous, but are rare until 
the Pur beck and Wealden periods, and become abundant 
in the Tertia ry deppsits. 

The most Important genera of Gasteropoda found in the 
different systems are : 

Cambrian. Scenella, Straparollina, Ophileta, Stenotheca. 

Ordovician. Crytolites, Sinuites, Holopcea, Raphistoma, Cyclo- 
nema, Maclurea, Subulites. 

Silurian. l Pleurotomaria', Bellerophon, Poleumita, Holopcea, 
Cyclonema, Holopella, Platyceras. 

Devonian. 'Pleurotomaria^, Murchisonia, Bellerophon, Loxo- 
nema, Euomphalus 9 Macrochilina, Capulus. 

Carboniferous. Metoptoma, * Pleurotomaria", Murchisonia, 
Bellerophon, Loxonema, Euomphalus, Naticopsis, Macrochilina, 
Capulus. 

Permian. Pleurotomaria, Murchisonia, Loxonema, Macro - 
chilina. 

Trias. Pleurotomaria, Worthenia, Murchisonia (Cheilotoma), 
Loxonema, Naticella, Natica, Promathildia. 

Jurassic. Pleurotomaria, Amberleya, Cirrus, Trochus, Natica, 
Pseudomelania, Bourguetia, Nerinea, Cerithium, Dicroloma 
( — Alaria), Malaptera, Purpurina, Purpuroidea. 

Cretaceous. Pleurotomaria, Architectonica ( = Solarium), Tur- 
ritella, Natica, Viviparus, Cerithium, Epitonium ( = Scala), 
Aporrhai8 y Dicroloma ( = Alaria), Avellana. 
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Eocene. Xenophora, Calyptrcea, Natica, Melanatria, Turri- 
tella, Cerithium, Tibia (—Rostellaria), Hippochrenes, Rimella, 
Aporrhais, Cyprcea, Cassis, Galeodea, Cymatium, Fusinus, 
Clavilithes, Sycostoma, Pisania, Ficus, Murex, Typhis, Voluta, 
Volutospina, Volutilithes, Oliva, Ancilla, Turris ( = Pleurotoma), 
Conns, Conorbis, 

Oligocene. Nerita, Theodoxus, Natica, Viviparus, Melania, 
Melanopsis, Cerithium, Potamides, Murex, Fusinus, Ancilla, 
Turris, Limncea, Planorbis, Rissoa, Helix, Amphidromus. 

Miocene. Trochus, Calyptrcea, Crepidula, Ampullina, Xeno- 
phora, Turritella, Terebralia, Strombus, Ficus, Cyprcea, Ocinebra, 
Euthriofu8us, Tudicla, Conomitra, Scaphella, Ancilla, Oliva, 
Terebra, Conns, 

Pliocene. Emarginula, Fissurella, Trochus, Epitonium, Tur- 
ritella, Natica, Littorina, Capulus 9 Cerithium, Aporrhais, Trivia, 
Buccinum, Liomesus ( = Buccinopsis), Sipho ( = Tritonofusus), 
Chrysodomus, Nassaria, Thais, Trophon f Scaphella, Acteon. 

CLASS IJJ. SCAPHOPODA 

The Scaphopoda include only a few genera, which in some 
respects resemble the lamellibranchs, and in others the 
gasteropods. The body is elongated in an antero-posterior 
direction, and is bilaterally symmetrical. The mantle is 
nearly cylindrical, since its right and left margins are united 
ventrally; the mantle -cavity is open at both ends. The 
mantle secretes a nearly straight or slightly curved tubular 
shell which is also open at both ends, and gradually increases 
in width from the posterior to the anterior end ; the concave 
side is dorsal. The foot is elongated and cylindrical; it can 
be protruded through the larger (anterior) aperture of the 
mantle and shell, and serves as a burrowing organ. The 
animal is attached to the posterior part of the shell by means 
of a muscle ; an odontophore is present, but the head is rudi- 
mentary, and eyes, gills, and heart are absent. The sexes 
are separate. All the scaphopods are marine, and they 
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usually live buried in sand or mud, with only the small 
posterior extremity projecting into the water; they range 
from the shore-line down to a depth of 2500 fathoms ; only 
a few occur in the littoral zone, the majority being found in 
deeper water. The earliest forms are found in the Ordovician 
rocks. 

Dentalium. Shell conical or sub -cylindrical, tapering pos- 
teriorly, slightly curved. Anterior aperture simple, circular; 
not constricted; posterior aperture smaller, without a fissure. 
Surface ornamented with longitudinal striae or ribs. Eocene 
to present day. Ex. D. elephantinum, Recent. Forms closely 
allied to Dentalium occur in many Palaeozoic and Mesozoic 
formations. 

CLASS tS&T CEPHALOPODA 

The^Cephalopods are entirely marine/and are more highly 
organised than other molluscs ; }well-known living forms are 
the cuttle-fish, the squids, the paper-nautilus and the pearly 
nautilus, whilst amongst extinct types are belemnites, am- 
monites and goniatites. Existing forms ar« always bilaterally 
symmetricaL The head is well marked and is separated from 
the body by a constriction ; it is especially characterised 
by the presence of a circle of arm-like or lobe-like processes 
around the mouth (fig. 134, €,/); these processes are pro- 
vided either with sucking-discs or with tenjtacles, and are 
used for seizing food, and in locomotion. Behind the head 
is a muscular tube termed the funnel (d), which opens in 
front to the exterior, and behind into the mantle-cavity (c) ; 
this may be either a perfect tube or may be formed by the 
apposition of two trough-like lobes. The arms around the 
mouth have been regarded as part of the foot, and the 
funnel as representing the remainder of it. The nam e 
CepJialo^oda m due tt o the view that the fore -fo ot n as grown 
round the mouth and is divided up into arms or lobes. 
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On the upper ; surface of the head there are two large 
^eyes, which, except in Nautilus } ^&re almost as highly 
developed as in vertebrate animals. The mantle is formed 
by a single fold of the skin, which passes quite round the 
body ; on the upper or dorsal surface the fold is very shallow 
so that the mantle- cavity exists mainly on the under surface. 
The feather-like gills (p) are placed in the mantle - cavity ; 
in the Dibranchs (cuttle-fishes, etc.) there is one pair, in 




Fig. 134. Diagram of a vertical median antero- posterior section of Sepia 
officinalis, a, shell; 6, mouth of mantle- cavity; c, mantle-cavity; d, funnel; 
«, arms; /, long arm; g, the upper beak or jaw; h, the lower beak or jaw; 
t, odontophore; k, the viscero-pericardial sac; /, the nerve-collar; w, the 
crop; w, the gizzard; o, the anus; p, left gill; q, ventricle of the heart; 
r, renal glandular mass; s, left nephridial aperture; U viscero-pericardial 
aperture; u, branchial heart; w, ink-sac. (After Lankester.) 

Nautilus there are two. Water flows in at the sides of the 
mantle- cavity, and can be forced out through the funnel by 
means of the contraction of the walls of the mantle-cavity. 
In the Dibranchiate Cephalopods there is a gland, known as 
the ink-sac (u>)> which secretes a black fluid (sepia) ; the duct 
from this gland opens with the anus (o) into the mantle - 
cavity; the ink is ejected at times and passes out through 
the funnel, rendering the water cloudy, and by this means 
facilitating the escape of the animal from its enemies. Just 
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within the mouth there are two jaws (g, h) which have the 
form of a parrot's beak, and are either horny or calcareous. 
An odontophore (i) is also present, but the arrangement of 
the teeth is less variable than in the gasteropods, and is of 
little value for systematic purposes. 

The heart consists of a median ventricle (q), and of lateral 
auricles, which are either two or four in number, according 
as there are two or four gills. The nervous system is remark- 
able in that the ganglia are close together, forming a central 
mass (I) ; one part is placed above the oesophagus, and is 
connected by cords with the other part beneath it. This 
central nervous system is covered by a cartilaginous ring 
and gives off nerves to the arms, viscera, etc. The sexes of 
the Cephalopods are always separate, and show external 
differences. In some genera there is no shell; but when 
present it may be external (fig. 135) or internal (fig. 134, a) ; 
in the latter case it is usually placed in a sac formed by folds 
of the mantle on the dorsal side. The Cephalopoda are 
divided into three Orders: (1) Nautiloidea, (2) Ammonoidea, 
(3) Dibranchia. The first and second are sometimes grouped 
together as the Tetrabranchia. 

ORDER I. NAUTILOIDEA 

In Palaeozoic times the Nautiloid Cephalopods were very 
abundant, but at the present day the only representative 
of the group is Natdilus (fig. 135). This possesses two pairs 
of gills, and two pairs of auricles; no ink-sac is present; 
and the funnel (fig. 135, 9) is not a complete tube, but is 
formed of two separate parts. Around the mouth are 
numerous lobe-like processes which are given off from the 
margin of the head; these represent the arms but do not 
bear suckers, as is the case in the Dibranchs, but tentacles (8) 
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which can be retracted within sheaths. The hood (fig. 135, 2) 
is a structure formed by the enlargement of the outer lobe of 
the foot and serves to close the aperture when the animal 
withdraws into the shell. The jaws are calcified and are not 
uncommonly found fossil. The eyes are of simple structure, 
consisting of a hollow chamber with a pin-hole opening 
without lens or cornea. 

2 




Fig. 135. Nautilus pompilius. Half the shell has been removed. 1, last 
completed chamber; 2, hood part of foot; 3, shell muscle; 4, mantle, cut 
away to expose the eye (5); 6, outer wall of shell; 7, siphuncle; 8, tentacle- 
bearing lobes of foot; 9, funnel. (After Graham Kerr.) x £. 

A shell is present in all Nautiloids and is always external ; 
it consists of a tube, which tapers to a point at one end, 
and may be straight, arched, or spiral. In the spiral forms 
the whorls may be separate, or in contact throughout; com- 
monly they are all in one plane, but in some cases they 
form a helicoid spiral. In some genera with spiral shells the 
whorls only just touch, but in others the later whorls partly 
or entirely overlap the earlier ones. Sometimes, as in 
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Lituites and Discitoceras, the later part of the shell becomes 
straight and separated from the spiral part. 
I The interior of the shell, unlike that in mo stgasteropods. 
isdmde d into ajoumbe r of chambers by mea ns of transverse 
partitions ter med septa Mfi^. 136, b) ; generally^e^chamDers 
increase in size towards the aperture of the shell. The body 
of the animal occupies the last or body-chamber (a), to the 




Fig. 136. Section of the shell of Nautilus , pompilius, Recent, a, body- 
chambers; 6, septum; c, septal neck; d, siphuncle. x J. 

walls of which it is attached by the mantle and the muscles 
(fig. 135,3); in Nautilus there are two oval muscular im- 
pressions, one on each side, near the last septum and the 
inner side of the whorl; these impressions are marked by 
faint concentric lines. The muscles are connected both above 
and below by a band of fibres called the annulus, which 
likewise leaves a mark on the shell. In Nautilus the funnel 
(fig. 135, 9) is placed at the external margin of the aper- 
ture, so that this part of the last chamber is regarded as 
ventral. 
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All the chambers, except the body- chamber, are filled 
with gas, giving buoyancy to- the shell. The shell grows by 
the addition of material at the margin of the aperture; 
after a certain period the body of the animal moves forward 
and a new septum is secreted behind it, thus cutting off 
a new air chamber. This movement occurs after a period of 
growth, and is not related, as some have supposed, to periods 
of reproduction, since it is only after the shell is completed 
that; reproduction begins. In Nautilus the last air chamber 
of the completed shell is usually somewhat smaller than the 
preceding one (fig. 136). All the air chambers are traversed 
by a slender cord-like prolongation of the posterior end of 
the body, containing arteries, and known as the siphuncle 
(fig. 135,7; 136, d; 137 c). The position of the siphuncle 
varies in different genera; in Nautilus it pierces the septa 
at or near their centres ; in others it may be near either the 
external or the internal margin of the whorl. In the modern 
Nautilus the siphuncle has only a thin calcareous covering ; 
but in many fossil Nautiloids it is completely invested by a 
calcareous tube. In some Palaeozoic genera (e.g. Actinoceras) 
the interior of the siphuncle is partly filled up with calcareous 
deposits. The septa are often prolonged in the form of 
funnels around the siphuncle, so as to insheath it more or less 
completely ; they may be short or may reach from one septum 
to the next or even further ; these funnels are termed septal 
necks (figs. 136, c; 137, d) ; in nearly all the Nautiloidea they 
are directed backwards (retrosiphonate). 

The aperture of the shell has, in some cases, a simple 
margin, being either straight or slightly curved; in others, 
processes are given off from the external margin or from 
the sides ; in Nautilus there is a sinus at the external (ventral) 
margin where the funnel lies, and the lines of growth on the 
shell are correspondingly curved. In some fossil Nautiloids 
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(Phragmoceras) the sinus is at the inner margin of the aper- 
ture, which was therefore presumably ventral. In a few forms 
(e.g.OomphoceraSyiig. 140) the aperture, 
owing to the inward growth of the mar- 
gin of the body-chamber, is constricted. 
The line where the edge of the septum 
unites with the outer or tubular part 
of the shell is known as the suture-line ; 
obviously this will only be seen when 
the shell is removed; but fossil forms 
frequently occur as casts and in these 
the sutures are clearly shown. One of the 
chief characters of the shell in the Nauti- 
loidea is the simple form of the suture- Fi s- 137 - Median section 

,. n.i .,, . i . of the central part of the- 

lines : usually they are either straight or shell oiNautUu8 , a , cen . 

only slightly undulating. tral perforation; b, sep- 

The shell which covered the embryo ium J, c > fv^clz; /» 

«— . , , _ __!i— septal neck. Enlarged. 

in the Cephalopoda is known as the 
protoconch 1 ;, m^bh^l!^utiloideirit~val1es in form in different 
genera and species, and may be saucer-shaped (fig. 137), cup- 
shaped, conical or ovoid. The siphuncle (c) commences in the 
first chamber as a closed tube. 




Orthoceras. Shell straight or occasionally slightly curved, 
elongate -conical ; transverse section usually circular. Septa con- 
cave; suture-line straight. Body-chamber large; aperture not 
contracted or produced into lobes. Siphuncle cylindrical, with- 
out internal calcareous deposits; usually central, but sometimes 
sub-central or ex-central. Ornamentation variable. Orthoceras, 
as defined above, includes numerous species which have been 
grouped into more restricted genera based mainly on the 
character of the ornamentation. Tremadoc Beds to Trias. 



1 This corresponds to the protegulum of the Brachiopods and to the 
prodissoconch of the Lamellibranchs. 
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O. undulatum, 



Ex. O. intermedium, O. annulatum, Silurian 
Carboniferous Limestone. 

Endoceras (fig. 138). Shell straight as in Orthoceras. Septal 
necks extend backwards from one septum to the next. Siphuncle 
marginal or sub-marginal, cylindrical, very large; the interior 
with numerous backwardly -directed cones, and an endosiphon 
(rarely preserved). Ordovician. Ex. E. proteiforme. 





Fig. 138. 

Fig. 138. Endoceras. Diagrammatic transverse and longitudinal sections, 
c, cones; e, endosiphon; n, septal neck; 8, siphuncle. 

Fig. 139. Diagrammatic section of a portion of the shell of Actinoceras. 
a, septum; 6, siphuncle; c, canals from endosiphon; d, endosiphon. 



Actinoceras (fig. 139). External form similar to the pre- 
ceding; often very large; section usually elliptical. The siphuncle 
is large, and inflated between the septa so that each segment 
is spheroidal, and contains in the interior a large amount of 
calcareous deposit. In the centre of the siphuncle is a small 
tube known as the endosiphon (d), from which radiating tubes 
(c) are given off between the septa and pass to the siphuncle. 
Ordovician. Ex. A. bigsbyi. Rayonnoceras is similar to Actino- 
ceras, Carboniferous. Ex. R. giganteum. 

Gomphoceras (fig. 140). Shell ovoid, short, straight or 
slightly curved; section nearly circular; body-chamber very 
large, aperture contracted, T-shaped. Septa close together. 
Siphuncle sub -cylindrical or beaded, sub-central, placed nearer 
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Fig. 140. Aperture of Gompho- 
ceraa (MandcUoceras) bohemicum 
from the Silurian. (FromWood 
ward.) Natural size. 



the more convex side of the shell. Surface smooth or with 

transverse ribs or striae. Gomphoceras has been divided into 

several ' genera ' based mainly on the 

form of the aperture. Ordovician to 

Devonian. Ex. O. ellipticum, Lower 

Ludlow. 

Phragmoceras. Similar to the 
last, but curved and rapidly in- 
creasing in diameter, laterally com- 
pressed, section oval or elliptical; 
siphuncle near the inner (concave) 
margin. Silurian. Ex. P. broderipi. 

Ascoceras. Shell a little curved; 
the earlier part (which is rarely 
found) is similar to Orthoceras, but 
with the septa more widely sepa- 
rated. The later formed part is sac- 
like and a little more convex on the outer than on the inner side ; 
the body -chamber occupies most of the outer side ; the septa join 
together and then bend round and divide again before reaching 
the inner side of the shell ; the siphuncle of this part is very short. 
Ordovician, but chiefly Silurian. Ex. A. bohemicum, Silurian. 

Cyrtoceras. Shell short and stout, curved, with elliptical 
or sub -trigonal section. Body chamber very short. Siphuncle 
large, beaded between the septa, usually sub -marginal and near 
the convex side of the shell ; filled with radiating lamellae ; with 
an endosiphon in the adult. Devonian. Ex. C. depressum. 

Poterioceras . Shell smooth, fusiform, slightly curved, in- 
flated in the middle, contracted at both ends, but especially 
at the apical end. Section elliptical in the adult. Siphuncle sub- 
central or marginal, inflated between the septa. Last chamber 
large; aperture simple, contracted. Carboniferous. Ex. P.fusi- 
forme, Carboniferous Limestone. 

Gophlnoceras ( Gyroceras' ). Shell consisting of one or 
several whorls, coiled in one plane, either just touching or 
separate; highly ornamented with nodes, ridges, etc. Siphuncle 
nummuloidal, as in Cyrtoceras, usually near the convex margin. 
Devonian. Ex. C. ormtfum. 

Lituites. The first part of the shell coiled in a plane spiral; 
usually four whorls either touching or slightly separated. The 
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later part of the shell separates from the spiral part and is 
straight and long; it gradually increases in diameter towards 
the aperture which has two projecting lobes. Siphuncle cylin- 
drical, sub-central. Septa concave. Ordovician. Ex. L. lituus. 

Nautilus (figs. 135, 136, 137). Shell more or less globose, 
spiral, whorls few, coiled in one plane, and more or less com- 
pletely embracing. Umbilicus usually small or absent. Body 
chamber much larger than the preceding one, aperture simple, 
with an external sinus. Septa concave, suture -lines more or 
less undulating. Siphuncle central, septal necks short and 
directed backwards. Surface of shell smooth or ornamented 
with striae or ribs. Trias to present day. Ex. N. pompilius, 
Recent ; N. regalis, London Clay. The Mesozoic species are now 
regarded as belonging to separate genera. 

Vestlnautilus. Shell spiral ; whorls thick, partly overlapping, 
sub-hexagonal in section; external margin broad, rounded or 
concave, with a ridge or ridges on each side. Umbilicus large. 
Siphuncle sub -central. Sutures with a backwardly -directed 
sinus at the external margin. Carboniferous. Ex. V. cariniferus. 

Discltoceras ( = Di8cites). Shell spiral, compressed, dis- 
coidal; whorls quadrangular in section, increasing in size 
gradually, sometimes a little embracing, with the external 
margin flat or grooved, and the sides flattened. The last part 
of the shell is separated from the preceding whorl for a short 
distance. The earlier whorls have longitudinal ribs. Carboni- 
ferous Limestone. Ex. D, leveilleanus. Other Carboniferous 
genera with plane spiral shells are Ccelonautilus, Temnocheilus. 

Aturia. Shell discoidal, whorls compressed, completely em- 
bracing, with rounded external margin; suture-line zigzag, with 
a deep angular lobe on each side. Siphuncle near the internal 
margin; septal necks large and very long, completely covering 
the siphuncle. Eocene and Miocene. Ex. A. zic-zac, Eocene. 



Distribution of the Nautiloidea 

At the present day the Nautiloidea are represented by only 
four species of Nautilus, which are found in the Indian 
Ocean and the East Indian Archipelago (from Sumatra to 
Fiji). Nautilus lives in fairly shallow water, either crawling 
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on the sea bottom by means of its tentacles or swimming, 
but sometimes rising to the surface of the sea. Most of 
the extinct Nautiloids probably fed a similar benthonic 
mode of life. 

This group appears much earlier in the geological series 
than either the Ammonoidea or the Dibranchia. The early 
forms are slightly curved cones, subsequently straight and 
spiral shells appear ; but the straight or nearly straight forms 
predominate in the Palaeozoic and Trias. 

Volborthella and SaUerella, found in the Lower Cambrian, 
are regarded by some authors as primitive Nautiloids, and 
by others as belonging to the group which includes Hyolithes 
(p. 293). Curved forms, resembling Cyrtoceras externally, 
appear in the Upper Cambrian. In the Ordovician the 
Nautiloidea increase in importance (Endoceras, Piloceras, 
Lituites, etc.), and the group attains its maximum develop- 
ment in the Silurian, where the number of species is very 
great (Orthoceras, Gomphoceras, Phragmoceras, Ascoceras, and 
the helicoid genus Trochoceras) ; it decreases slightly in impor- 
tance in the Devonian and Carboniferous, and is but poorly 
represented in the Permian. The chief genera in the Carboni- 
ferous are Orthoceras, Bayonnoceras, Poterioceras, Discito- 
ceras, VestinaiUilus, C&lonautilus, Pleuronautilus, Temno- 
cheilus. The only genus which extends beyond the limit of 
the Palaeozoic period is Grthoceras, which is common in the 
Trias. Nautilus occurs first in the Trias, and is abundant 
in the Jurassic and Cretaceous, when its distribution seems 
to have been world-wide ; in the Tertiary it is relatively rare. 
Aturia appears in the Eocene and Miocene. 
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ORDER II. AMMONOIDEA 

The Ammonoids are quite extinct and include the ammo- 
nites, goniatites, etc. The shell is generally coiled into a 
plane spiral, and as a rule the suture-lines show complicated 
patterns (fig. 141). The siphuncle is at the margin of the 
shell — generally at the outer ,fb,ut in one Upper Devonian 
group (the Clymeniidse) at the inner \^nargin^ it is usually 
more slender than in the Nautiloids and does not contain 
internal calcareous deposits^ The septal necks in the ammo- 
nites are directed forwards (prosiphonate)J except in some 
of the earliest chambers; in the Clymeniidse and some 
goniatites, on the other hand, they point backwards as in 
the Nautiloids (retrosiphonate) ; VblrFln^hirmore advanced 
types of goniatites they are transitional, a small collar-like 
part projects in front of the septum, but the main part of 
the septal neck extends backwards, j 

(The form of the suture-lines varies considerably in dif- 
ferent genera and is of great importance for systematic 
purposes.^ The central part of each septum is flattened or 
slightly undulose, but the edges become folded or even 
frilled, often giving, rise to very complex suture-lineef; by 
this means greater support is afforded to the outer tubular 
part of the shell than is the case in the Nautiloids where 
the sutures are simple. (The portions of the suture-line 
which are convex towards the mouth of the shell are termed 
saddles (fig. 141, s), while the intervening concave portions 
are known as the lobes (l).t In many forms the lobes and 
saddles exhibit secondary foldings^ which may be slight, 
producing merely a denticulate pattern, or may be deep 
and provided with other smaller foldings, Igiving a foliaceous 
appearance to the suture .\ The lobes and saddles are nearly 
always similar on the two sides of the shell: commonly there 
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is first the external lobe (fig. 141, 1) at the external margin, 
then the superior and inferior (or first and second) lateral 
lobes on the sides of the whorl (1 I, 21), and near the inner 
margin other lobes known as auxiliary lobes (al) may occur ; 




Fig. 141. A. Suture-line of an Ammonite (Parkinsonia dorsetensis) from 
the Inferior Oolite. B. Suture-line of Cerotites nodosus, from the Muschel- 
kalk. I, one half of the external lobe; 11, 21, superior and inferior lateral 
lobes; al, first auxiliary lo^>e; 8, external saddle; Is, 2 8, superior and 
inferior lateral saddles; as, first auxiliary saddle. In each case the straight 
line on the left represents the position of the siphuncle at the external 
margin, and the curved one on the right the line of contact with the next 
whorl ( = umbilical suture). 

on the internal margin (opposite to the external lobe) is the 
internal lobe. The saddles are arranged in a similar manner | 
there are the external saddle (s), the lateral saddles (1 s f 2 s), 
and auxiliary saddles (as) . The external lobe is often divided 
by a median (siphonal) saddle (as in fig. 142 B). » Sometimes 
other lobes and saddles (termed adventitious) are formed by 
the subdivision of the external saddle ^(fig. 153) or of the 
median (siphonal) saddle in the external lobe (fig. 142 A, E) 
or of the lateral lobe (fig. 142 B, Ad 1 ,2). J With a few 



AMMONOIDEA 



315 



exceptions the suture lines of one side of the shell are sym- 
metrical with those of the other side. | 

There is a relationship between the number of lobes and 
saddles in the suture-line and the form of the whorl. When 
the whorls only just touch and are circular or oval in 
section (fig. 156) usually only the fundamental lobes and 
saddles are present, but when the whorls overlap (fig. 154) 
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Fig. 142. A. Psevdosageceraa muliilobatum, Trias. (After Notling.) 
E, external lobe with median saddle divided; e, external saddle; /, in- 
ternal lobe; LI, L2 y first and second lateral lobes; Aux, auxiliary lobes. 
B. Coilopoceras springeri, Chalk. (After Hyatt.) E, external lobe; 
Es y external saddle; Ls y lateral saddle; Ad 1, 2, adventitious lobes; 
L 1, L 2, first and second lateral lobes; Aux> auxiliary lobes. 

there is a tendency to increase the number by the develop- 
ment of auxiliary and sometimes also adventitious lobes and 
saddles. 

The naming of the lobes and saddles according to their 
position in the adult shell appears to be less satisfactory 
than a terminology based on the study of the development 
of the suture-line during ontogeny. From the figures showing 
the development of the suture-line of an Hoplitid ammonite 
(fig. 143) it will be seen that the first lateral lobe (L) is 
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always a fundamental part of the suture-line (fig. 143, a) ; 
but the lobe which is formed later at the umbilical suture 
(fig. 143, 6, 1) subsequently gives rise by subdivision to a 
number of lobes (2-8) on the external as well as on the 
internal side of the umbilical suture. When uncoiling of the 
shell occurs, as in Baculites (fig. 163), the elements of the 
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Fig. 143. Development of the suture-line in a Hoplitid Ammonite from 
the Gault. a, b, first and second suture-lines; c—-g, later sutures; E, 
external lobe; /, internal lobe; L, lateral lobe; b, 1, umbilical lobe; 
2 — 8, lobes resulting from the division of 1. (After Spath.) 



suture-line remain the same throughout life, namely, the 
external lobe, first lateral lobe, second lateral lobe, internal 
lobe. (Fig. 164, E i L\ i L2 i I.) 

The form of the successive suture-lines remains almost 
constant on the adult part of the shell, but on the younger 
parts the sutures are less complex. The suture-line of the 
first septum may be straight or only slightly curved, as in 
the Nautiloids; or it may show a broad external saddle; 
or a narrow external saddle with a lateral lobe on each side. 
In the second and later septa the sutures become succes- 
sively more folded, until the adult form is attained. The 
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development of the suture -line in a typical goniatite is 
shown in fig. 144. 

fin t he early Ammonoids th e suture-lines jare compara- 
tively simple (fig. 145); the minor divisions oF the lobes 
anoTsaoldles begin to appear in some 
Carboniferous genera; they increase IfhOv/""^ ^ 
in importance in the Permian and 
attain a great development in the 
Trias where the ammoniteT~com-' 
monly possess very^omplex sut ures. 
The acme of complication is reached 
in the Upper Triassic genus Pinaco- 
ceras (fig. 153)|The gradual advance 
in the complexity of the suture-line 
is shown in a series beginning with 
Anthracoceras from the Carboni- Fig. 144. Development of the 
r j ... «,i tt • suture-line of a Goniatite, 

ferous and ending with Ussuria Homoceras diademit C arboni - 

from the Trias (fig. 146). ferous. a, 6, c, first, second 

(The protoconch of the Ammo- f nd third ^re-lines; d e 

' . , . ' _ _ . A later suture-lines; /, adult 

noids is formed of calcareous mate- 8U ture-line. (After Branco.) 

rialfe in a few of the straight or loosely 

coiled genera it is spherical or ovoid in shape, but in most 
genera with closely coiled shells it shows a convolute mode of 
growth and becomes barrel-shaped (fig. 147, a).iThe first sep- 
tum closes the aperture of the protoconch. The siphuncle (b) 
commences with a bulbous enlargement (the ccecum) which 
projects into the protoconch. The caecum is attached to the 
opposite side of the protoconch by strands (the prosiphon) . 
In the first few chambers the siphuncle is variable in posi- 
tion and relatively large, T>ut afterwards it gets gradually 
nearer the external margin of the whorl and becomes rela- 
tively smaller, 
din the body- chamber of some ammonites and goniatites 
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and in Baculites and Scaphites, a pair of calcareous plates, 
known as the aptychus (fig. 148), are occasionally found; 
in shape they are triangular or nearly semicircular;! the 

Nfyvv 

Fig. 146. 

Fig. 145. Suture-lines of Goniatitids. The arrow is at the external 
(siphonal) margin and points towards the aperture of the shell, a, Agonia- 
tites bohemicus, Devonian; b, Anarcestes plebeius* Devonian; c, Tornoceras 
uniangulare, Devonian; d, Manticoceras intumescens, Devonian; c, Oastrio- 
ceras listeri, Coal Measures; /, Prolecanites compressus, Carboniferous. 
(After Barrande, Sandberger and Crick.) 

Fig. 146. Development of the suture-lines in a series of genera, a, Anthra- 
coceras discus, Carboniferous; 6, c, Dimorphoceras gilbertsoni, Carboni- 
ferous; d, Dimorphoceras looneyi, Carboniferous; e, Thalassoceras gemmel- 
laroi, Lower Permian; /, Thalassoceras varicosum, Lower Permian; 
g, Ussuria schamaroe, Lower Trias. (After Spath.) 

margins where the two plates are in contact are straight, 
the others curved. Since in one ammonite an aptychus was 
found closing the aperture of the shell, it is probable that 
it served as an operculum (p. 278) and was attached to a' 
part of the body representing the hood of Nautilvs\(fig. 
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135, 2). A similar structure, but consisting of chitin, and 
with the two plates united, is found in the body- chamber 
of some ammonites. 

In a few Ammonoids the shell is either a straight cone 
(e.g. Lobobactrites) or coiled into a helicoid spiral (e.g. Turri- 
lites, fig. 165), but in the great majority of the genera all 
the whorls are in a plane spiral, and in such the form of the 
shell depends mainly on whether the later whorls grow round 





Fig. 147. Fig. 148. 

Fig. 147. Section, just above the median plane, of the early part of an 
ammonite — Promicroceras planicosta, Lias, a, protoconch; 6, siphuncle. 
(After Branco.) x21. 

Fig. 148. Aptychus of an ammonite, from the Oxford Clay. (From 
Woodward.) 

the earlier, or are simply in contact with them or slightly 
separated; in some genera the last whorl partly (fig. 160) 
or completely (fig. 154) conceals all the previous ones, but 
in others (fig. 156) the whole of the whorls are visible, and 
then the umbilicus—which is present on both sides of the 
shell — is very large. jWhen the diameter of the whorl from 
side to side (i.e. the thickness) is greater than the diameter 
from the internal to the external margin (i.e. the height) 
the whorl is said to be depressed; the umbilicus is then 
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deep, and if in such cases the later whorls embrace the 
earlier, then the umbilicus will be both deep and narrow. 
The whorl is compressed when its height is greater than its 
thickness (fig. 149). In some ammonites the outer whorl 
begins to uncoil, and this leads on to the scaphitoid coiling 




Fig. 149. Oxyclymenia undulata, Upper Devonian. The lower figure 
shows the form of the suture-line; the vertical line indicates the position 
of the external margin of the whorl; the curved line is the umbilical 
suture. (After Nicholson.) 

in which the body-chamber is quite free (fig. 161), and to 
hamitoid when the shell is bent upon itself in crozier-hook 
fashion. The extreme of uncoiling is reached in Baculites 
(fig. 163) in which only a small part of the shell is spiral, 
the remainder being straight^ 

( The surface of the shell may be smooth or ornamented 
with striae, ribs, tubercles, or spines^ as a rule the orna- 



AMMONOIDBA 321 

mentation is much more developed in Mesozoic than in 
Palaeozoic genera. (In some ammonites (fig. 158) the ex- 
ternal margin of the shell is provided with a ridge or keel, 
and in these forms the ribs of the two sides are not con- 
tinuous. The keel may be smooth or toothed. In some 
genera there is either a groove or a flattened margin in 
place of the keel. The aperture of the shell in the ammonites 
is frequently produced into lobes at the sides, or into a 
pointed projection at the external margin (figs. 158, 159). 
\In some of the goniatites there is a sinus at the external 
margin of the aperture indicating the position of the funnel,' 
but this disappears in the more advanced types, and, with 
few exceptions, is absent in ammonites. 

The character of the ornamentation, the shape of the 
whorls, the position of the siphuncle, and the form of the 
sutures, change at different periods in the life of the indi- 
vidual; these changes, which occurred during growth from 
the protoconch up to the adult, can be traced out by ex- 
amining the early whorls of the shell. From a study of this 
development of the individual (ontogeny) attempts have 
been made to trace out the phylogeny of various types of 
Ammonoids. As in the case of the Brachiopoda (p. 197) it 
has been found that some forms, which in the adult state 
appear to be nearly identical, differ in their development, 
indicating that they have descended from different ancestors. 
Similarly, the development of the suture-lines and other 
features of the shell show that the ammonites have descended 
from more than one group of goniatites. 

Since the Ammonoids are extinct and their soft parts 
unknown it is impossible to determine whether they pos- 
sessed one pair of gills as in the Dibranchia or two pairs 
as in Nautilus (Tetrabranchia). As, however, the shell was 
external and agrees closely in structure with that of the 
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Nautiloids, and the muscular impressions in the body- 
chamber are similar to those found in Nautilus , we may 
regard the Ammonoids as closely allied to the Nautiloidea ; 
this view of their relationship receives further support from 
the resemblance shown by the early Ammonoids (in their 
relatively simple sutures, backwardly-directed septal necks, 
the sinus at the external margin of the aperture, etc.) to 
the Nautiloids. The protoconch of the Ammonoids, how- 
ever, resembles that of the Belemnites as much as that of 
Orthoceras, but differs from that of Nautilus. 

A striking feature of the majority of th e Ammonites is th e 
bilateral sym metry of jthe shell This is characteristic of 
animals which live with the median plane of the body in a 
vertical position. Such a position would be likely to follow 
from the hydrostatic effect of the air chambers; these in 
life would be uppermost and the body- chamber below. The 
vertical position and bilateral symmetry are more likely to 
be retained in swimming molluscs than in those which live 
crawling on the sea floor. ^ swimming mode of life would 
be favoured by the buoyant influence of the air chambers 
and those with flattened shells and acute margins would 
experience less resistance in moving through water than 
those with convex whorls, broad rounded external margin, 
and strong ribs. It seems probable that most of the Ammo- 
nites were nectonic and lived at no great distance from land, 
i.e. on the continental shelf; they may be abundant even 
in very shallow water deposits. Some genera, however, such 
as Phylloceras, Lytoceras and Arcestes, have extremely thin 
shells, comparable with those of pteropods and other pelagic 
molluscs. These seem to have been still better adapted for 
swimming and floating, and may well have led a semi- 
pelagic existence, . 

The different modes of coiling seen in such genera as 
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Crioceras, Turrilites and Baculites, were probably related to 
the adoption of a more distinctly benthonie mode of life. 
This benthonie habit may also account for the partial loss 
of symmetry in a small number of Ammonites ; in these the 
siphuncle may be shifted from the median plane, and the 
suture-line of one side of the shell not quite symmetrical 
with that of the other. In Nipponites, from the Upper Chalk 
of Japan, the early whorls are coiled like Turrilites but the 
later whorls are quite irregular ; it has been suggested that 
this was a fixed form, like Vermetus among gasteropods. 

|The wide geographical distribution of the species of 
Ammonites accords with a swimming mode of life $ but, 
with an external and chambered shell it is not likely that 
Ammonites were capable of such rapid motion through 
water as are the Dibranchs. 

A. Clymeniids. Siphuncle at the internal margin. 

Clymenia. Shell discoidal, with wide shallow umbilicus; 
whorls numerous, more or less flattened, all visible, but each 
partly embracing the preceding one; body-chamber generally 
occupying three-quarters of the last whorl. Aperture with a 
sinus at the external margin. Suture -lines with a simple 
rounded lateral lobe, a narrow lobe at the internal margin 
(below the siphuncle) and a broad saddle at the external margin. 
Siphuncle on the internal margin; septal necks directed back- 
wards. Surface usually ornamented with transverse growth- 
lines. Upper Devonian. Ex. C. laevigata. Other genera of the 
Clymeniids, distinguished mainly by the character of the 
suture -line, are Cyrtoclymenia, Oxych/menia (fig. 149), Cyma- 
clymenia, Gonioclymenia, etc. 

B. Goniatitids. Siphuncle at the external margin. Septal 
necks usually directed backwards, but sometimes partly or 
entirely forward. Suture -line relatively simple. This group 
comprises forms commonly known as 'goniatites'. 
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Anarcestes (fig. 145 6 ). Shell with a wide umbilicus, and 
broad, rounded external margin. Body-chamber long; aperture 
with a deep external sinus. Sutures very simple; the external 
lobe funnel-shaped and not divided by a saddle; lateral lobe 
very flat. Septal necks long, directed backwards. Lower and 
Middle Devonian. Ex. A. plebeius. 

Gyroceratltes. Shell discoidal; the early whorls not in con- 
tact, the later ones contiguous. Siphuncle at the external 
margin. Sutures very simple, concave on the sides of the whorls, 
with a funnel-shaped external lobe. Devonian. Ex. O. gracilis 
( = Mimocera8 compressum ). 

Agonlatltes (fig. 145 a). Whorls elevated, increasing in 
height very rapidly, with the external margin more or less 
truncated. Umbilicus narrow or of moderate width. Body 
chamber J to J of the length of the last whorl. Septal necks 
directed backwards. In the suture -line a narrow external lobe, 
and a lateral lobe usually rather deep. Lower and Middle 
Devonian. Ex. A. txpansus. 

Manticoceras ( = Qephuroceras) (fig. 145 d). Shell with or 
without umbilicus; external margin rounded. Body chamber 
short; with a sinus at the external margin of the aperture. 
Septal necks short, directed forwards. In the suture -line a 
deep lateral lobe, a wide saddle, and a broad external lobe 
divided by a median saddle. Upper Devonian. Ex. M. in- 
tumescens. 

Tornoceras (fig. 145 c). Shell smooth, with rounded external 
margin; umbilicus closed. Suture -line with the external and 
lateral saddles rounded and undivided ; the siphonal lobe small 
and funnel -like; lateral lobes angular or rounded. Upper 
Devonian. Ex. T. simplex, 

Goniatites (restricted) (figs. 150, 151). Shell smooth or 
striated, whorls generally wide and embracing, with rounded 
external margin ; umbilicus small or closed. Septal necks short, 
directed backwards but usually also with a small part projecting 
forwards. External lobe divided by a small saddle; external 
saddle narrow; lateral lobe angular and deep; lateral saddle 
broad, rounded, and undivided. Carboniferous Limestone. Ex. 
G. sphcericus. 

Gastrioceras (fig. 145 e). Shell with tubercles at the margin 
of the umbilicus. External margin broad, rounded. External 
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lobe broad and deep, divided by a saddle; first lateral lobe 
deep, tongue-shaped, angular ; second lateral lobe small, angular ; 
saddles rounded. Coal Measures. Ex. O. listen. 

Prolecanites (fig. 145/). Shell smooth or striated, flattened, 
with a large umbilicus. Lobes and saddles numerous. External 
lobe not divided; two or three lateral lobes, sharp; lateral 
saddles narrow and rounded. Carboniferous Limestone. Ex. 
P. mixolobu8, P. (Merocanites) compressus. 





Fig. 150. Fig. 151. 

Fig. 150. Ooniatit€8 sphcericus, from the Carboniferous Limestone. The 
shell has been dissolved exposing the sutures. Side view. 

Fig. 151. Front view showing the siphuncle at the external (upper) 
margin. (From Woodward.) xf. 

In all the other genera (ammonites and uncoiled am- 
monitids) the siphuncle is at the external margin, the septal 
necks are directed forward in the adult, and the suture- 
lines are more complex than in the goniatitids. These in- 
clude a very large number of genera of which only a few 
representative forms can be given here. For convenience 
theymaybe divided into (C) Triassic Ammonites, (D) Jurassic 
and Cretaceous Ammonites, (E) Uncoiled Ammonitids. 
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C. Triassic Ammonites. 

Geratites (figs. 141 B, 152). Shell discoidal; on the sides are 
ribs which often bear tubercles near the umbilical and external 
margins ; external margin broad, con 
vex or flattened; umbilicus moder, 
ately large; body-chamber she 
Saddles rounded, lobes denticulate 
external lobe broad and short. Trias 
(Muschelkalk). Ex. C.nodosus. 

Trachyceras. Shell flattened, 
highly ornamented with ribs which 
bear tubercles or spines arranged in 
spiral rows; at the external margin is 
a groove; umbilicus generally small. 
Body-chamber short. Sutures simple, 
lobes and saddles toothed. Trias. Elx. 
T. aon. 

Arcestes . Shell smooth or striated, 
nearly globular, with thick whorls; 
umbilicus small or closed; body- 
chamber very long. Lobes and saddles 
numerous and foliaceous, arranged in a straight row and gradu- 
ally decreasing in sfze from the external to the internal margin ; 
there are two lateral lobes and many auxiliary lobes; saddles 
with narrow stems and fine branches. Trias. Ex. A. intuslabiatus. 

Pinacoceras. Shell large with small umbilicus and very 
acute external margin. Suture-line (fig. 153) with numerous 
adventitious and auxiliary lobes and saddles. Upper Trias. 
Ex. P. metternichi. 




Fig. 152. Ceratites twdosus, 
from the Muschelkalk. The 
shell has been removed, ex- 
posing the sutures, x §. 



D. Jurassic and Cretaceous Ammonites. 

Phylloceras (figs. 154, 155). Shell smooth or with fine 
striae or gentle folds, never with tubercles; external margin 
rounded; umbilicus very small or closed. Saddles and lobes 
numerous; saddles divided, the extremities being rounded. 
Jurassic to Cretaceous. Ex. P. heterophyllum, Upper Lias. 

Lytoceras (fig. 156). Shell smooth or ornamented with 
transverse striae, and often with laminar projections (varices) 
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Fig. 155. 



Fig. 154. 

Fig. 154. PhyUoceras heterophyUum, from the Lias. A part of the shell 
has been removed to expose the sutures, x J. 

Fig. 155. Suture-line of PhyUoceras heterophyUum, from the Lias. The 
arrow indicates the position of the siphuncle and points towards the 
aperture of the shell. (From Woodward.) Natural size. 





Fig. 156. Fig. 157. 

Fig. 156. Lytoceras fimbriatum, from the Lower Lias, x J. 
Fig. 157. Androgynoceraa maadatum, from the Lower Lias, x J. 
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placed at intervals. Whorls rounded, and only slightly or not 
at all embracing; aperture usually simple. Suture -line deeply 
and finely divided, consisting of an external lobe, two lateral 
lobes, and a narrow internal lobe; of an external saddle and 
two lateral saddles. Lateral lobes and saddles nearly sym- 
metrically divided. Lias to Cretaceous. Ex. L. fimbriatum, 
Lower Lias. 

Psiloceras. Shell discoidal, umbilicus large; whorls in- 
creasing in size very slowly, external border rounded; surface 
smooth or striated, occasionally with ribs. Sutures not much 
divided. Lower Lias. Ex. P. planorbis. 

Schlotheimia. Shell flat, discoidal, umbilicus usually large. 
Ribs strong, curved, often bifurcated in the adult, bending 
forward at the external margin, where they meet at an angle, 
but are often interrupted by a slight furrow or smooth band at 
the margin. Sutures deeply divided; superior, lateral lobe 
generally deeper than the external lobe. Lower Lias. Ex. 
S. angulata. 

Arietites. Shell discoidal, umbilicus large ; whorls numerous, 
only slightly embracing, with the external border flattened and 
provided with a keel having a groove on each side of it. Surface 
with strong simple ribs, which are straight or bent near the 
margin. Body -chamber occupying from one to one and a quarter 
whorls. Suture -line not much divided, with two lateral lobes 
and one auxiliary lobe. Lower Lias. Ex. A. turneri. 

Oxynoticeras . Shell much flattened; umbilicus small; ex- 
ternal margin sharp or keeled; surface smooth or striated. 
Suture-line not deeply divided; external saddle large, divided; 
auxiliary lobes present. Lower Lias. Ex. 0. oxynotum. 

A ndrogynoc eras (fig. 157). Shell discoidal, umbilicus large; 
whorls rounded, ornamented with simple ribs which are con- 
tinuous over the external margin. Lobes moderately divided; 
superior lateral lobe larger than the others. Lower Lias. Ex. 
A. maculatum. 

Amaltheus. Shell flattened; with a ke«$l, which is toothed 
or rope-like; umbilicus generally small; surface smooth, or with 
striae, or simple or spiny ribs. Aperjiare with a long process 
at the external margin. Lobes aij^r saddles deep and much 
divided, with several auxiliary lobes. Middle Lias. Ex. A. mar- 
garitatus. 
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Fig. 158. Harpoceras serpenti- 
!*m,frora the Upper Lias, x J. 

first straight, afterwards 



Harpoceras (fig. 158). Shell flattened, with a prominent 
even keel; umbilicus small or of moderate size. Sides of shell 
with sickle -shaped undivided ribs. 
Aperture with projections. Suture - 
line moderately strongly divided; 
superior lateral lobe deep. Upper 
Lias. Ex. H. serpentinum. 

Hildoceras. Similar to the last, 
but with wide umbilicus. Whorls low, 
subquadrate in section, with broad 
external margin and usually a deep 
furrow on each side of the keel and 
on the sides of the whorl. Ribs dis- 
tinctly sickle -shaped in most cases. 
Upper Lias. Ex. H. bifrons. 

Dactylioceras. Whorls numerous, 
rounded, only a little embracing ; , 
umbilicus large. Ribs numerous, 

bifurcating, continued over thti/external margin; without 
tubercles. Body-chamber long. Suture -line moderately divided; 
external lobe larger than the superior lateral. Upper Lias. Ex. D. 
commune. 

Ludwigia. Shell discoidal, with fairly wide to comparatively 
narrow umbilicus. External margin flattened or rounded, with 
a median keel. Ribs very angular, sub -dividing, and strongly 
reclined on the outer half of the side of the whorl; starting 
singly from elongated umbilical nodes. Suture-line compara- 
tively simple, with bifid external saddle. Inferior Oolite. Ex. 
L. murchisonce. 

Sonninia. Shell discoidal, with fairly wide to comparatively 
narrow umbilicus. Whorls high, with oval section and hollow 
keel; spines at the middle of the side, with or without ribs; the 
ribs often bifurcating on the outer half of the side of the whorl. 
Suture -line highly frilled. Inferior Oolite. Ex. S. propinquans. 

Oppelia. Shell discoidal, much compressed, with small umbi- 
licus ; external margin acute, but sometimes rounded on the body- 
chamber. Ribs sickle -shaped, generally feeble and often confined 
to crescents on the outer part of the side of the whorl. Suture - 
line fairly complex, with prominent lateral saddle, and generally 
numerous lobes and saddles. Inferior Oolite. Ex. 0. subradiata. 
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Stephanoceras (fig. 159). Whorls thick, external margin 
rounded. Umbilicus large. Surface with straight ribs, which 
bifurcate on the sides of the whorls and often bear tubercles 
where they bifurcate. Body -chamber long. Aperture often with 
lobe-like projections. Suture-line deeply divided; external lobe 
large; inferior lateral lobe and auxiliary lobes small. Inferior 
Oolite. Ex. S. Humphries ianum. 





Fig. 159. Stephanoceras (Xormannites) brai/cenridyei, from the 
Inferior Oolite, showing lappets of aperture, x f . 

Parkinsonia (fig. 141 A). Shell discoidal, umbilicus large; 
ribs nearly straight, sharp, bifurcating near the external border, 
but interrupted at the external margin by a groove. Aperture 
with processes from the sides. Suture-line much divided; 
external and superior lateral lobes deep ; saddles broad. Inferior 
Oolite. Ex. P. parkinsoni. 

Macrocephalites . Shell inflated, whorls largely embracing, 
external margin rounded, umbilicus small. Ribs numerous, 
dividing near the umbilicus, continued over the external margin, 
and without tubercles. Suture -line deeply divided. Cornbrash 
and Kellaways Clay. Ex. M. macrocephalus. 

Kosmoceras. Shell flattened; umbilicus moderately large. 
Ribs numerous, bifurcating at the middle of the sides of the 
shell, where there is generally a row of tubercles, and ending 
in a tubercle or spine at the external margin; sometimes with 
tubercles at the edge of the umbilicus. Aperture with long 
lateral projections (apophyses). Suture-line much divided; the 
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external lobe much shorter than the superior lateral lobe. 
Oxford Clay. Ex. K. rotundum. 

Peltoceras. Umbilicus large; whorls generally quadrate, 
with broad external margin, the inner whorls with numerous 
continuous ribs, most of which divide near the external margin, 
across which they extend ; the ribs on the later whorls with two 
rows of tubercles on the sides, one near the outer, the other 
near the inner margin. Suture -line moderately divided, with 
large external saddle. Oxford Clay. Ex. P. athieta. 

Aspidoceras. Shell generally more or less loosely coiled. 
Whorls sub-quadrate in section, with broad flattened external 
margin. Spines at the external part of the side and often also 
at the umbilical margin ; with or without connecting ribs. Suture - 
line comparatively simple. Corallian. Ex. A . perarmatum. 

Peri8phinctes. Shell discoidal, external margin rounded; 
umbilicus generally large. Ribs straight, continuous, bifurcating 
once or more near the external border. Constrictions are often 
present at intervals on the whorls. Suture -line much divided; 
external and superior lateral lobes large. Corallian. Ex. P. biplex. 

Gardioceras (fig. 160). Shell flattened; whorls considerably 
embracing, with strong curved ribs which bifurcate, and bending 
forward near the external edge join the 
notched keel; short ribs often inter- 
calated on the external part. Lobes 
and saddles moderately divided; two 
short lateral lobes, and two or three 
auxiliary lobes; internal lobe with a 
single point. Top part of Oxford Clay 
(of Oxford district) and Corallian. Ex. 
C. cordatum. 

Hoplites . Shell flattened or inflated ; 
umbilicus usually small. Ribs curved, 
bifurcating, and generally bearing a 
row of tubercles near the /external 
margin and another near /the um- 
bilicus or at the middle of /the sides; 
external margin flattenecy or deeply 
grooved. Suture -line finely divided. Gault. Ex. H. dentatus. 

Acanthoceras. Whorls thick; umbilicus Jarge ; ribs simple 
or bifurcated, with rows of tubercles at the/sides and margin; 




Fig. 160. Cardiocera8 corda- 
tum, from the Oxford Clay. 
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external margin broad with a median row of tubercles. Saddles 
broad. Cenomanian. Ex. A. rhotomagense, Lower Chalk. 

Schlcenbachia. Shell with usually small umbilicus; external 
margin with a median smooth keel; surface with strong ribs, 
which are slightly curved forwards and often bear tubercles. 
External and superior lateral saddles broad; one auxiliary lobe. 
Cenomanian. Ex. S. varians, Lower Chalk. 

E. ^Uncoiled Ammonitids. 

The shell is more or less uncoiled, or coiled into a heli- 
coid spiral. These are believed to have been derived from 
Lytoceratid ammonites. 

Macroscaphites (fig. 161). Similar to Lytoceras. Discoidal; 
the last whorl produced and then bent back in the form of a 
hook. Upper Neocomian. Ex. M. ivani. 




Fig. 161. Macroscaphites ivani, from the 
Lower Cretaceous, x J. 

Grioceras (fig. 162). Shell coiled in a plane spiral; the whorls 
not in contact. Surface ornamented with ribs which in some 
cases bifurcate and often bear tubercles and spines. Suture-line 
with four lobes. Neocomian. Ex. C. duvcdi. 

Ancyloceras. Like Crioceras, but tuberculate, the last 
whorl produced in a straight line and then bent back in the 
form of a hook. Aptian. Ex. A. matheronianum. 

Hamites. Shell bent upon itself three times, the parts not 
in contact; body-chamber long. Suture-line similar to Lyto- 




Fig. 162. Orloceraa duvali, Neocomian. (After Sarasin and 
Schondelmayer.) x J. 
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Fig. 163. Fig. 164. 

Fig. 163. Part of Baculites chicoensis, Chalk. (After Perrin Smith.) x 5. 

Fig. 164. Baculites chicoensis, Chalk, a, first suture-line with siphona] 
caecum; 6, second; c, sixth suture-line; d, adult suture-line of Baculites 
capensis; E, external lpbe; L\, L2, first and second lateral lobes; /, in- 
ternal lobe; Es, external saddle; SI, first lateral saddle; S2, internal 
(dorsal) saddle, (a-c, after Perrin Smith; d, after Spath.) 
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ceras, with the lateral lobes deeply divided. Surface smooth, 

or ornamented with ribs. Gault. Ex. H. 

maximu8. 

Baculites (figs. 163, 164). Shell straight 
(except a small spiral part at the apex, 
which is the first-formed part of the shel^), 
elliptical in section. Suture-line wiifc^he 
lobes symmetrically divided. Upper Cre- 
taceous. Ex. B. vertebralis (=fauja8i), 
Chalk. 

Scaphites. Shell coiled in a plane spiral ; 
the whorls in contact and embracing, ex- 
cept the last, which is free from the spiral 
and then recurved in the form of a hook. 
Surface ornamented with bifurcated ribs 
which often bear tubercles. Suture-line 
generally much divided. Gault to Middle 
Chalk. Ex. S. cequalis, Lower Chalk. 

Turrilites (fig. 165). Shell helicoid- 
spiral, turreted, usually sinistral, all tne 
whorls in contact. Surface ornamented 
with transverse ribs or tubercles. Gault to j^g 155 Turrilites cos- 
Chalk. Ex. T. co8tatu8, Chalk. tatus, Lower Chalk, x £. 




Distribution of the Ammonoidea 

The Ammonoidea have a shorter geological range than the 
Nautiloidea, the earliest representatives being found in the 
Lower Devonian and the latest in the Chalk. |The most 
primitive of the Ammonoidsjj and apparently the ancestral 
form of the goniatites,l|is Agoniatites from the Lower 
Devonian ;tit differs but little from some Silurian Nautiloids 
(Barrandeoheras) except in the greater sinuosity of the 
superior lateral lobe, in the external position of the siphuncle, 
and in the more closely coiled early whorls; but similar 
closely coiled whorls are seen in the Lower Ordovician 
Nautiloid Trocholites. Lobobactrites ('Bactrites'), found in 
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the Middle Devonian, has often been regarded as the an- 
cestral form of the Ammonoids, but is now believed to be 
a secondarily uncoiled goniatite ; it possesses a straight taper- 
ing shell, with a simple superior lateral lobe (like fig. 145, a). 
1 Throughout the Devonian and Carboniferous periods the 
goniatites were dominant, with the Clymeniids abundant 
in the Upper Devonian) In the history of the various groups 
of goniatites there is a general tendency for the suture-line 
to become more folded, for the septal necks to change from 
retrosiphonate to prosiphonate, and for the sinus in the 
external margin of the aperture to decrease in size and 
ultimately to disappear. The various goniatite stocks that 
persisted into the Permian gradually took on ammonite 
characters, until in theJjJ nper T rias the maximum of 
development was re ached. Although most of the ammonites 
m the Trias evolved complicated suture -lines, some, like 
Ceratites, remained relatively simple ./tThe number of genera 
in the Trias is very large, but not one seems to have survived 
into the Jurassic period, and only one family (the Phyllo- 
ceratidae) passed from the Trias into the Jurassic, so that 
apparently all the later ammonites must have been derived 
either directly or indirectly from that family! Two families, 
the Phylloceratidae and the closely allied Lytoceratidae, are 
remarkable in that they persist with but little change 
throughout the whole of the Jurassic and Cretaceous periods. 
Numerous other groups of ammonites were evolved in the 
Jurassic and Cretaceous, but the possibilities of variation 
were limitedland the same types of whorl-section, ornamenta- 
tion, and suture-line were often reproduced in the various 
families and at different horizons. In the Trias and Jurassic 
there are some genera in which the shell has become 
secondarily straight (Rhabdoceras, Acuariceras), partly un- 
coiled (Choristoceras), or coiled into a helicoid spiral (Cochlo- 
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ceras, Spiroceras) ; this feature becomes much more marked 
in the Cretaceous where we get such genera as Hamites, 
Macroscaphites, Baculites, Crioceras and Scaphites (figs. 161- 
163) — forms which are believed to have been derived from 
various Lytoceratid ammonites. In the Cretaceous there is 
a tendency in some stocks for the suture-line to become 
simplified, and occasionally it returns to the type seen in 
Ceratites. On the other hand in Indoceras, the latest of all 
ammonite genera, there is no sign of simplification; its 
suture-line with 75 elements (lobes and saddles) recalls the 
acme of specialisation among the Triassic ammonites. 

The distribution of the more important genera of Ammo- 
noids is given in the following table. 

Lower Devonian. Agoniatites, Anqrcestes. 

Middle Devonian. Agoniatites, Tomoceras, Anarcestes, Gyro- 
ceratites, Lobobactritea. 

Upper Devonian. Clymenia and allied genera. Tomoceras, 
Cheilocera8, Sporadoceras, Manticoceras (Gephuroceras), Belo- 
ceras. 

Lower Carboniferous. Aganides, Munsteroceras, Pericyclus, 
Protocanites. 

Middle Carboniferous. Goniatites, Homoceras, Nomismoceras, 
Dimorphoceras, Prolecanites, Pronorites. 

Upper Carboniferous. Gastrioceras, Schistoceras. 

Permian. Agathiceras, Gyclolobus, Medlicottia, Thalassoceras, 
Popanoceras, Xenodiscus, Paralecanites. Found chiefly in India, 
Russia, Sicily and Texas. 

Lower Trias. Ophiceras, Meekoceras, Koninckites, Pseudo- 
sageceras, Tirolites, Dinarites. 

Middle Trias. Ceratites, Gymnites, Ptychites, Proarcestes, 
Monophyllites, Balatonites. 

Upper Trias. Trachyceras, Celtites, Tropites, Cladlscices, 
Halorites, Arcestes, Joannites, Pinacoceras, Discophyllites, Mega- 
phyllites, Lobites, Choriatoceras, Cochloceras, Rhabdoceras. 

Lower Lias. Psiloceras, Schlotheimia, Coroniceras, Arterites, 
A8teroceras, Oxynoticeras, Xipheroceras, Deroceras, Echioceras, 
Polymorphites, Acanthopleuroceras. Liparoceras, Androgynoceras 
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Middle Lias. AmaUheus, Pleuroceras. 

Upper Lias. Harpoceras, Hildoceras, Dactylioceras, Orammo- 
veras, Dumortieria, Hammatoceras. 

Lower Oolites. Leioceras, Ludwtgia, LudwigeUa, Sontiinia, 
Oppelia, Stephanoceras, Sphceroceras, Parkinsonia, Procerites. 

Middle Oolites. Macrocephalites, Cadoceras, Quenstedtoceras, 
Cardiocerae, Hecticoceras, Beineckeia, Kosmoceras, PeUoceras, 
Aspidoceras, Perisphinctes. 

Upper Oolites. Pictonia, Rasenia, Aulacostephanus, Amcebo- 
cera8 y Pavlovia, Oigantites. The following are not found in 
England: Virgatites, Virgatosphinctes, Streblites, Haploceras, 
Simoceras, BerriaseUa. 

Lower Cretaceous. Desfiayesites, Parahoplites, Cheloniceras, 
Hoplites, Douvilleiceras, Desmoceras, Puzosia, Mortoniceras, 
Hamites, Anisoceras. The following are chiefly foreign : Spiticeras, 
Polyptychites, Holcostephanus, Holcodi8CU8, Acanthodiscus, Lyti- 
cocero8 y Barremites, Tropoeum, Macroscaphites, Crioceras, Hetero- 
ceras, Ancyloceras. 

Upper Cretaceous. Schloenbachia, Acanthoceras, Pachydiscus, 
Parapachydiscus, Parapuzosia> Prionotropis, Turrilites, Scaphites, 
Cyrtochilus, Baculites. The foreign genera are far more numerous 
and include many "Pseudoeeratites", i.e. Ammonites in which 
the suture -iines are '-educed to the simplicity of Triassic 
(Jeratites, but these had already started in the Lower Cretaceous. 



ORDER III. DIBRANCHIA 

The Dibranchia are represented at the present day by the 
cuttle-fishes, the squids, the calamaries, octopuses, paper- 
nautilus, etc. ; they are of much less importance geologically 
than the Nautiloids and Ammonoids, the only really com- 
mon fossil forms being Belemnites and its allies. Some of 
the modern cuttle-fishes attain a length of forty feet or more. 
The Dibranchia (fig. 134) have a sac-like or elongated 
body, and possess one pair of gills only, and one pair of 
auricles. The number of arms is limited to eight or ten; 
and on the inner side — that facing the mouth — they are 
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provided with rows of sucking-discs, which sometimes possess 
horny hooks. The jaws are not calcified, and are consequently 
seldom preserved in fossil specimens. An ink-sac is always 
present, and is sometimes foand fossil. The funnel is in the 
form of a complete tube. The eyes are highly developed. 

A shell is absent in some forms ; when present it is (except 
in Argonauta) internal, being covered by folds of the mantle, 
and may be either horny or calcareous. In some cases 
(Sepia) it has the form of an oval flattened body, known 
as the cuttle-bone, which is composed mainly of laminated 
calcareous material with spaces between the laminae. In 
the squids the shell is lamellar in form and consists of horny 
material; it is termed the pen or gladius. The shell in the 
cuttle-fishes and squids is placed on the upper or dorsal 
side of the body in a sac formed by the mantle. In Spirula 
the shell resembles that of a Tetrabranch, but is internal, 
being almost entirely covered by the mantle; it is situated 
at the posterior end of the body, and consists of a tube 
coiled in a plane spiral and divided into chambers by septa, 
which are traversed by a siphuncle placed near the inner 
margin; the whorls are not in contact, and a calcareous 
protoconch is present. The shell in the paper-nautilus 
(Argonauta) is of quite a different nature to that found in 
other Dibranchs ; it is external and spiral, but not chambered, 
and is without muscular attachments ; it is secreted by the 
terminal portions of the two anterior arms, and is found 
only in the female, serving for the reception of the eggs. 

The Dibranchia are divided into two sub-orders: (1) the 
Decapoda, (2) the Octopoda. 
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SUB-ORDER 1. DECAPODA 

There are ten arms, eight of equal length and two longer 
than the others. The latter can be more or less completely 
retracted within pits ; their free ends are swollen and suckers 
are usually borne on those ends only. The suckers are stalked 
and are provided with a horny ring. An internal shell is 
always present. 

Belemnites (figs. 166-170). The shell consists of three 
parts — the guard or rostrum (fig. 166, a), the phragmocone (6), 
and the pro-ostracum (fig. 167, d). 

The guard is solid and is much more commonly preserved 
than the other parts; it varies considerably in shape and size, 
being cylindrical, club-shaped, fusiform, conical, etc. The 
original form seems to have been a short cone, such as is seen 
in Prototeuthis acutus Irom the Lower Lias. The end which was 
directed away from the mouth is always pointed and at the 
other end there is a conical cavity or alveolus. The guard varies 
in length from one to fifteen inches. When sliced transversely 
or longitudinally it is seen to be formed of a number of layers 
(growth-layers) arranged concentrically around an axial line, 
which is not quite central but is placed nearer the under surface ; 
it is around this line that the first layers were secreted; the 
layers become somewhat thicker towards the pointed end and 
thinner towards the broad end of the guard. Each layer is 
formed of minute prisms of calcite, which are placed per- 
pendicular to the axial line, thus producing a radiating fibrous 
appearance in cross -sections. The surface of the guard is some- 
times smooth, or it may be granular, or furnished with rami- 
fying vascular impressions; in some species there is a longi- 
tudinal groove on the under surface, and there may also be 
grooves on the sides or on the upper surface (dorsum). 

The phragmocone (tigs. 166, 6; 167, a; 170) is a hollow cone, 
part of which fits into the alveolus at the broad end of the 
guard ; it is divided into chambers by septa which are concave 
in front; a slender and beaded siphuncle (fig. 166, c) traverses 
the chambers at the under margin; at the pointed end of the 
phragmocone is a globular or ovoid protoconch formed of 
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calcareous material (figs. 167, 170). The phragmocone is homo- 
logous with the entire shell of a Nautiloid or an Ammonoid; in 
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Fig. 166. Fig. 167. 

Fig. 166. Longitudinal section of Bdemnitea, from the Oxford Clay, 
a, guard; b, phragmocone with protoconch at the apex; c, siphuncle. x J. 
Fig. 167. Phragmocone and pro-ostracum of Bekmnites, from the Lias. 
Restoration by G. C. Crick, a, phragmocone with protoconch at the 
apex; b f front border of phragmocone; c, last septum of phragmocone; 
d, pro-ostracum. x |. 

its conical form and straight suture -lines it resembles Orthoceras, 
but the siphuncle is more slender and nearer the margin than 
in most forms of Orthoceras. The wall of the phragmocone 
(sometimes termed the conotheca) is very thin, and in well- 
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Fig. 168. D'Orbigny's restoration of a Belemnite (under surface), showing 
the probable positions of the guard, the phragmocone, and the pro- 
ostracum. 

Fig. 160. Belemnites. Lias, Lyme Regis. Original in the Sedgwick 
Museum, Cambridge. Showing hooks indicating the presence of eight 
arms (a-h). x }. 

Fig. 170. Longitudinal section of part of the phragmocone of a Belemnite 
(Ctwpiteuthis) from the Lias, pc, protoconch; 8, siphuncle. Enlarged. 
(After Christensen.) 



DIBRANCHIA 343 

preserved specimens the upper part is produced in front into 
a large laminar expansion (fig. 167, d); this prolongation is 
known as the pro-ostracum, and corresponds to the 'pen* of 
the squids, and it may represent the dorsal part of the body- 
ohamber of Orthoceraa. The head of the Belemnite was imme- 
diately in front of the pro-ostracum. The arms were provided 
with horny hooks, which are sometimes preserved fossil (fig. 
169); there was a double row of hooks on each arm, but only 
eight double rows have yet been found in any specimen; two 
other arms, with or without hooks, may have been present. 
The ink-sac, near the base of the pro-ostracum, and the mandibles 
have also been found in some specimens. The probable positions 
of the guard, phragmocone and pro-ostracum in the body of 
the Belemnite are shown in fig. 168, from which it is seen that 
the guard formed a relatively small part of the entire length 
of the animal. The guard was at the posterior end of the body 
and it probably served to counteract the buoyant tendency 
of the phragmocone, so that the animal could maintain a hori- 
zontal position best suited for swimming. 

Belemnites range from the Lower Lias to the Upper Creta- 
ceous and include a very large number of species. These have 
been divided into groups, now regarded as genera, based mainly 
on the form of the guard, the number and position of the grooves, 
and the apical angle of the phragmocone. Some of the more im- 
portant of these are: Acroteuthis, Neocomian, ex. A. subquod- 
rata; Actinocamax and Belemnitella (see below); Belemnopsis, 
Inferior Oolite to Neocomian, ex. B. canaliculatus ; Cylindroteu- 
this, Upper Jurassic, ex. C. puzosianus; Dactyloteuthis, Upper 
Lias only, ex. D. irregularis) Hibolites, Inferior Oolite to 
Aptian, ex. H. hastatus; Belemnites, Lias, ex. B. paxiUosus; 
Megateuthis, Upper Lias and Inferior Oolite, ex. M. gigantea; 
Prototeuthi8, Lower and Middle Lias, ex. P. acutus; Neohibolites, 
Neocomian to Cenomanian, ex. N. listeria N. semicanaliculatus ; 
Oxyteuthis, Neocomian to Aptian, ex. 0. brunsviciensis ; 
Pachyteuthis, Upper Oolites, ex. P. excerUricus; H ostites, top of 
Lower Lias to Inferior Oolite, ex. H. clavatus. 

Belemnitella. Guard cylindrical, with a slit at the under 
side of the alveolus. Distinct vascular impressions on the 
under surface of the guard. Upper Chalk. Ex. B. mucronata. 
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Actinocamax (=Atractilite8). Alveolus of guard either 
conical or broadly funnel-shaped, and either in contact with 
the protoconch only or sunounding only the apical part of the 
phragmocone. Front part of guard often fragile and foliaceous 
owing to imperfect calcification. Chalk. Ex. A. verus, Lower 
Chalk 

Forerunners of the Belemnites are found in the Trias, where 
they are represented by Atractites, Aulacoceras, Dictyoconites 
and other genera. In these the phragmocone is long and 
slender, the septa are concave and far apart, and the siphuncle 
is at the margin. It resembles closely the shell of the more 
elongate forms of Orthoceras, in some of which the siphuncle 
is near the margin. In Atractites (fig. 171 A), which ranges from 
the Lower Trias (perhaps also Permian) to the Upper Lias, 
there is a small guard with a very large phragmocone. In some 
species of this genus the septa are less widely separated, and 
the phragmocone approaches more nearly that of the Belem- 
nites. In Aulacoceras (fig. 171 B) the guard is long, with a 
very deep alveolus, so that the main part of it forms a sheath 
over the very long phragmocone. A pro-ostracum was probably 
present in these genera, but its presence has not yet been proved. 

Another allied group is represented by Phragmoteuthis in the 
Trias, and by Belemnoteuthis in the Oxford Clay. In Phragmo- 
teiUhis (fig. 171 C) the phragmocone is short and blunt, and 
the guard seems to be represented by a thin brown covering 
only; the pro-ostracum is twice the length of the phragmocone. 
Belemnoteuthis is similar, but with a definite guard formed of 
a fibrous layer which becomes thicker towards the point. The 
phragmocone is more elongated and the pro-ostracum relatively 
shorter than in Phragmoteuthis. 

In the Tertiary the Belemnite group is represented by 
Belemno8ella, Belemnosis, Beloptera, Belosepia and Vasseuria 
in the Eocene; Spirulirostra in the Oligocene and Miocene; 
Spirulirostridium in the Oligocene, and Spirulirostrina in the 
Miocene. 

In these genera there is a tendency for the guard to become 
relatively smaller than in most of the Belemnites, and for the 
posterior part of the phragmocone to be curved or spiral. 
In Belemnosis the phragmocone is slightly curved. In Spiruli- 
rostra (fig. 171 D) the curvature is more marked, and in this 




Fig. 171. A, diagrammatic longitudinal section of Atractites, Trias. 
B, Aulacoceras, Trias. C, Phragmoteuthia bisinuota, Trias (based on 
Suess). x J. D, Spirulirostra, Miocene*. E, Spirvla, Recent. F, Belosepia, 
Eocene. G, diagrammatic section of Sepia (based on Appellof). H, Belop- 
tera (based on Naef). g> guard; p, phragmocone; pc, protoconch; po, pro- 
ostracum; 8, siphuncle. 
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respect it approaches SpirtUa (fig. 171 E) in which the phragmo- 
cone consists of a spiral of two and a half whorls, with the 
siphuncle at the inner margin and a large ovoid protoconch, 
but the guard and pro-ostracum are absent. The shell is situated 
near the posterior end of the body. 

Belosepia (fig. 171 F) makes an approach to Sepia owing to 
the rapid increase in the diameter of the siphuncle which thus 
becomes funnel-shaped instead of tubular, and to the obliquity 
of the septa. In Sepia (fig. 171 G) the siphuncle is reduced 
to a hollow and the guard to a spine or mucro; the shell con- 
sists almost entirely of what appears to be the upper side of the 
phragmocone in which the septa are very oblique and close 
together; the pro-ostracum is scarcely distinct. 

Beloptera (fig. 171 H) retains a relatively large guard of a 
stumpy log-like form with wing-like projections at the sides. 
It does not appear to lead on to any later form. 

Another group of the Dibranchs, the Teuthoidea, to which 
the calamary (Loligo) belongs, begins in the Lias (perhaps in 
the Rhsetic) and the early forms are allied to the Belemnites. 
In this group the shell or gladius consists mainly of the pro- 
ostracum, which is partly calcified in the fossil forms, but horny 
in the living representatives. The phragmocone is rudimentary 
and often only present in the young, and the guard is little 
developed. The genera BelopeUis and Beloteuthis occur in the 
Lias; Geoteuthia in the Jurassic and Cretaceous. Plesioteuthis, 
which ranges from the Upper Jurassic to the Chalk, is common 
in the Solenhofen Limestone, and consists of a long slender 
gladius with a very small guard. 



SUB-ORDER 2. OCTOPODA 

There are eight arms only; the suckers are sessile and possess 
no horny ring. The shell is rudimentary or absent. Octopus 
and Argonauta are well-known examples of this group. The 
Octopoda, as might be expected from the general absence 
of a shell, are very poorly represented in the fossil state; 
the earliest known form is PaXa&octopus from the Chalk of 
Lebanon. Argonauta has been found in the Pliocene Beds. 
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Distribution of the Dibranchia 

The Dibranchia are more numerous and more varied in 
existing seas than they were at any former period. Some 
forms are pelagic, others abyssal, but the larger number are 
found in littoral regions and are distributed in provinces 
similar to those of other molluscs (p. 298) ; typical littoral 
genera are Octopus, Sepia and LQUgo^ 

The sub-order Decapoda is represented in the Trias by 
Atractites, Aulacoceras, Dictyoconites and PhragmotetUhis. In 
the Jurassic and Cretaceous Belemnites are the chief forms, 
and are especially abundant in argillaceous beds. Other 
Jurassic genera are Oeoteuthis and Beloteuthis in the Lias; 
Belemnoteuthis and PUsioteuthis in the Upper Jurassic. 
Belemnitella and Actinocamax are limited to the Chalk. In 
the Tertiary Dibranchs are relatively rare, but several 
genera are found : Belosepia, Sepia, BelemnoseUa, Belemnosis, 
Beloptera, Spirulirostra, and Spirulirostrina. The living form 
Spirula is not definitely known to occur fossil. The sub- 
order Octopoda is represented by Palceoctopus (Chalk) and 
Argonauta (Pliocene). 



PHYLUM ARTHROPODA 



Classed 



1. Crustacea 



; Sub-Classes 
(I. Trilobita 

2. Branchiopoda 

3. Ostracoda 

4. Copepoda 

5. Cirripedia 



6. Malacostraca 



2. Onychophora (not fossil) 

3. Myriapoda 

4. Insecta 



5. Arachnida 



1. Merostomata 



2. Euarachnida.. 



Orders 



( 1 . Leptostraca 

2. Syncarida 

f 3. Peracarida 

I 4. Eucarida 

\^5. Hoplocarida 



■■{ 



1. Xiphosura 

2. Eurypterida 
' 1 . Scorpionida 

2. Pedipalpi 

3. Araneida 

4. Pseudoscorpionida 

5. Phalangida 

6. Acarina 

7. Anthracomarti 



The Arthropods havea bi laterally syn ^etricalbody, form ed 
of a series of s egm ents (or somites), but the segments are 
noTalTalike, ancLsome of those in front are fused together. 
Some, or all of the segments, bear a pair of jointed appen- 
dages or limbs, those near the moutE being modified to 
serve as jaws. A chitinous exoskeleton is always present, 



and is often strengthened by the deposition ofcarbonate or 
phosphate of lime ; \between the segments the integument 
remains soft and flexible, so that movement of the parts 
of the body is rendered possible^ ^ heart is found in most 
forms ; it is placed dorsally, and is provided with paired slits, 
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termed ostia^j jFhe body- cavity contains bloody In some 
forms respiration takes place by means of the general surface 
of the body ; others are provided with special organs — gills 
(or branchiae), tracheae, or lung-booksl The gills are generally 
thin projections of the skin borne by some of the appen- 
dages ;|bhe tracheae are long, branching tubes, filled with air, 
which penetrate all parts of the body and open to the 
exterior; the lung- books are chambers containing leaf-like 
folds of the skin/ (The nervous system consists of a supra- 
oesophageal ganglion or brain, connected by a ring round 
the oesophagus with two ventral longitudinal cords, usually 
provided with ganglia, and placed beneath the intestine. 
The sexes are separate in the majority of forms .1 

The Arthropoda are divided into the following Classes: 
(1) Crustacea, (2) Onychophora, (3) Myriapoda, (4) Insecta, 
(5) Arachnida. The Onychophora include one genus only — 
Peripatus, which has not been found fossil. 

CLASS I. CRUSTACEA 

The Crustacea are mainly aquatic animals, and are abundant 
a s fossils , they breathe by means of gills, or, when the exo- 
skeleton is thin, through the general surface of the body 
and by some of the limbs. The chitinous exoske l eton is 
fre quently h ar dened J by__a ^ calcarj^usjdejposit--hence the 
n ame Crustacea. ^Segmentation is usually well marked\ but 
in the Ostracoda is shown by the appendages only. |The 
exoskeleton of a segment or somite consists of a dorsal part, 
the tergum, and a ventral part, the sternum^ In the higher 
Crustacea, three regions may be distinguished in the body : 
the head, the thorax, and the abdomen; but in the lower 
forms the trunk is often not clearly differentiated into the 
thorax and abdomen. The segments of the head are fused 
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together, and include an anterior embryonic region to which 
the eyes belong, and five segments which bear appendages. 
Externally the segments (except in Trilobites) are indicated 
only by the appendages. The number of segments in the 
trunk (thorax and abdomen) is variable in the lower Crus- 
taceaj but is constant in the Malacostraca. In many forms 
some or all of the segments of the thorax fuse with those 
of the head, forming a cepkalothorax\ In many Crustacea 
there is a dorsal shie ld or carapace which covers part, or 
sometimes the whole, of the "body, and originates as an 
outgrowth from the posterior margin of the dorsal covering 
of the heaoj.lThe head bears five pairs of appendages, viz.: 
the antennules, the antennae, the mandibles, aid two pairs 
of maxillae; the first two pairs are in front of the mouth, 
the last three behind it|( The thorax is also provided with 
appendages, and often the abdomen to<|f The mandibles and 
maxillae, and frequently some of the anterior thoracic appen- 
dages, serve as jaws. The Crustacean ap pendage is typically 
bira mous,_ co nsisting of a basal pa rt (the protopodiie) bearing 
t wobranc hes — the inner called the^encbpodite , and the 
outer termed the exopodite (fig. 172, en, ex). The protopodite 
usually consists of two segments— a proximal or coxopo- 
dite(2) t and a distal or basipodite (3) . In some cases the 
exopodite disappears and the limb becomes uniramous. 
\| Another form of appendage, which is common in the lower 
Crustacea, is the phyllopod type (fig. 173). In this the limb 
is usually broader and flatter than in the biramous type and 
the cuticle is thin. It consists of an axial part (fig. 173, 1-5) 
bearing a row of lobes or endites on the inner side (2'-5', 6), 
and other lobes or exites on the outer side (br, jib). The basal 
endite commonly serves as a jaw or gnathobase (gn)] 

The mouth is on the under surface of the head, and the 
anus is on the last segment (the telson) of the body. |$Eyes 
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are generally present, commonly a pair of compound eyesflj 
and sometimes a median simple eye ; in many Crustacea the 
former are placed on movable stalks ^The sexes are separate r 
except in most of the cirripedes and in some parasitic 
isopods. In the Malacostraca the" genital apertures are on 
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Fig. 172. 



Fig. 173. 



Fig. 172. The second thoracic limb of Anaapides. en, endopodite; 
ep, epipodite; ex, exopodite; 1-9, segments of endopodite; 2, coxa or 
coxopodite; 3, basis or basipodite. (After Caiman.) 

Fig. 173. Tenth thoracic limb of A pus. br (ep), branchia (epipodite); 
fib (ex), flabellum (exopodite); gn, gnathobase; 1-5, segments of the limb; 
2 / ~5 / , 6, endites. 

the sixth thoracic segment in the male, and on the eighth 
in the female; in the lower Crustacea (Entomostraca) the 
position of the apertures is variable. 

|In some Crustacea development is direct, that is to say, 
the young individual has the same form as the adult; but 
generally this is not the case, the young undergoing meta- 
morphosis before reaching the adult stage. The two chief 
larval forms are known as the nauplius and the zocea. In 
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the nauplius the body is unsegmented, and possesses three 
pairs of appendages representing the two pairs of antennae 
and the mandibles. In the zoaea stage some of the thoracic 
appendages are present also, and the abdomen is segmented 
but possesses no appendages.^ 

The Crustacea are divided into six sub-classes: (1) Tri- 
lobita, (2) Branchiopoda, (3) Ostracoda, (4) Copepoda, 
(5) Cirripedia, (6) Malacostraca. The Copepods are not 
definitely known as fossils, but some evidence has been 
brought forward to show that the Carboniferous genera 
Cyclus and Halicyne may belong to this group. 

\The first five sub -classes are usually grouped together as 
the E ntomos traccL but they differ considerably from one 
another^ and are not united by the possession of important 
features common to all. In comparison with the Mala- 
costraca they are generally of simple organisation, usually 
with the number of segments in the trunk varying widely, 
and with the abdomen usually ending in a caudal fork ; with 
the exception of the Trilobita they are generally of small 
size, and without a clear differentiation of the trunk into 
thorax and abdomen. A median unpaired eye is usually 
present. 

SUB-CLASS I. TRILOBITA 

'fl?he Trilobites deriv e their name from the fact that the 
body is divi ded into three parts^ by means of two furrows , 
which extend from the anterior to the posterior extremities ; 
this trilobation is usually conspicuous, but in a few genera 
(e.g. Homalonotu8, Illcenus) it is indistinct or almost obsolete. 
The body is oval in outline, and flattened from above down- 
wards; it consists of the head (fig. 174 A), the thorax (B), 
and the pygidiwn (C). The sejjmj^ts^of^the head and of 
the pygidium are fused together, but those of the thorax 
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rem ain freej Traces of the alimentary canal are sometimes 
found in the middle or axial part of the Trilobite. 

/ The dorsal surface of the body is protected by a strong, 
c alcareous exoskeleton. The part which covers the head is 
known as the head-shield or cephalic shield, and is usually 




Fig. 174. Calymene tuberculoid, from the Wenlock Limestone. Dorsal 
surface. A, head; B, thorax; C, pygidium. a, glabella; a', axial furrow; 
b, one of the glabella furrows; b\ neck -furrow, behind which is the neck- 
ring; d, facial suture; e, eye;/, free cheek; g> fixed cheek; ^ genal angle; 
i, axis of thorax; k, pleura. Natural size. 

s emicircu lar or triangular in shape ; in it may be distinguished 
a median and two lateral portions; the former is the more 
convex and is termed the glabella (a), the latter are the 
cheeks. The glabella is marked off from the cheeks by means 
of a furrow on each side, known as the axial furrow Ua'). 
The form and relative size of the glabella vary in different 
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genera; in some it extends quite to the anterior margin of 
the head-shield, in others only a part of the way (fig. 184) ; 
sometimes it is wider behind than in front; in other cases 
it is wider anteriorly, or it may be of uniform width through- 
out; its convexity also varies considerably — it may be 
nearly flat, but is sometimes pear-shaped or spheroidal. 
The segmentation of the head is indicated by transverse 
furrows on the glabella (b) — often three on each side/ occa- 
sionally four; in some cases the opposite furrows from the 
two sides meet at the middle of the glabella. ^On the pos- 
terior part of the glabella there is another furrow, which 
extends quite across it and is continued on the cheeks; 
this is known as the neck-furrow (b') y and the segment of the 
glabella behind it is the neck-ring. These furrows indicate 
the existence of at least five segments in the head/un primi- 
tive trilobites all the furrows are distinct, but in later forms 
there is often a tendency for some of the furrows to be 
reduced or to become obsolete^fig. 185). This reduction 
starts with the anterior furrow and extends backwards until, 
in a few cases, all the furrows disappear. 
J The cheeks are more or less triangular in shape,, and 
usually less convex than the glabella; they are frequently 
bordered by a flattened or concave margin which in Trinu- 
cleus and Harpw is very broad .VThe posterior angles of the 
cheeks, known as the genal angles (h), may be rounded 
(e.g. Calymene), but are often pointed or produced into 
spines, the genal spines (e.g. Paradoxides, fig. 183). Each 
cheek is usually divided into two portions by a suture (the 
facial suture, d); the inner part — that between the facial 
suture and the glabella — is termed the fixed cheek (g) ; the 
outer part, known as the free cheek (/), is slightly movable 
on the fixed cheek AtThe course of the facial suture, varies 
in different forms : it may commence on the posterior border 
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inside the genal angle (the opisthoparian type, fig. 186), or 
at or near the genal angle (h), or on the lateral border in 
front of the genal angle (the proparian type, fig. 187); fit 
passes inwards to the eye and then bends forwards, and may 
be continuous with the suture of the other cheek in front 
of the glabella!; or it may cut the anterior margin of the 
head-shield, in which case it is sometimes united with the 
suture of the other side on the inferior surface of the< head 
(fig. 176, d). When the sutures are continuous in front of 
the glabella it is evident that the cheeks will also be con- 
tinuous. Since the position of the facial suture varies in 
different genera the relative sizes of the fixed and free 
cheeks will obviously vary too; thus in Illcenus the free 
cheek is very narrow, in Phillipsia (fig. 190 B, C) very 
broad. The facial suture was probably of use in ecdysis. 
Owing to the fusion of the fixed and free cheeks the facial 
suture is sometimes absent, e.g. some species of Acidaspis; 
this is probably also the case in Agnostus, Microdiscus, 
Olenellus and a few other genera. When the facial sutures 
cut the posterior border of the head-shield the genal spines 
belong to the free cheek; but when they cut the lateral 
border the genal spines are continuous with the fixed cheek. 
The term cranidium is used for the part of the cephalic 
shield enclosed by the facial sutures, that is the glabella and 
fixed cheeks/ 

JThe compound eyes (fig. 174, e) are on the upper surface 
of the head, one on each free cheek in the angle made by 
the facial suture; (they are more or less conical with the 
summit truncated or rounded, and with the visual surface 
on the external part. (The eyes usually consist of a large 
number of lensesl— in Bemopleurides the number is stated to 
be 15,000. ^Usually the lenses are biconvex or globular and 
adjacent to one another but in Phacops and its allies the 

23-2 
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eyes are more highly developed, the lenses being separated 
by portions of the cephalic shield so that each appears to 
rest in a separate socket. |The eye is entirely on the free 
cheek, but rests on a buttress or lobe on the adjacent part 
of the fixed cheek (the palpebral lobe) J In a few Trilo bites 
the eyes appear to be of a simpler type; for example, in 
Harpes each eye usually consists of two or three lenses only, 
arid in some species of Trinucleus of a single lens ; but it is 
probable that in such cases the eye is merely a degenerate 
form of compound eye. ,Jn a few Trilo bites (Agnostus, 
MicrodiscuSyAmpyx, Conocdryphe, some 
species of Acidaspix, Phacops, etc.) eyes 
are absent;! in such cases it is probable 
that the visual organs have been lost 
through disuse, just as is the case with 
some Crustacea at the present day which 
live at great depths in the sea or in other 
places where no light can penetrate. ^gA^ : Cyclopyge[^y. 
rni . r . - Una] bmodosa, Arenig 

Thus it is found that in some 01 the later Beds. Natural size. 

forms of Phacops the eyes are reduced or 

have disappeared entirely. \When eyes are absent the facial 
sutures also are usually wanting.! In Cyclopyge (fig. 175) the 
eyes are unusually large, occupying the greater part of the free 
cheeks, and sometimes extending on to the ventral surface; 
it is probable that this Trilobite was a pelagic animal which 
swam near the surface of the sea at night, but sank to con- 
siderable depths, where there was but little light, during the 
daytime, fin many of the Cambrian Trilobites the eye itself 
is not found, but since the palpebral lobe is present it is 
reasonable to infer that it supported the visual organ, and 
that the absence of the latter is due to imperfect preserva- 
tion jffchis view is supported by the recent discovery of the 
surface of the eye in a specimen of Olenellus from the Lower 
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Cambrian. In Olenellus and its allies (fig. 182) the eye is 
crescentic in form and comes off from the side of the 
glabella; but when the eye is separated from the glabella 
there is, in many Cambrian and a few later Trilobites, a 
thread-like ridge, called the eye-line, which extends from 
the eye to the glabella (fig. 189, o — n). 

In some Trilobites a small tubercle-like projection is found 
on the middle line of the front part of the glabella ; this is 
probably a visual organ and seems 
to possess a structure similar to that 
seen in the median unpaired eye of 
the Branchiopods and Ostracods. 

vThe head-shield is continued on 
the under surface of the head as a 

reflexed border or marginal riml(fig. f«- JJ, 6 * . C<*y™»* \ ub * r c cu ' 
° . " ° lata, Silurian. Ventral surface 

176, 6); sometimes the facial sutures G f head, a, hypo 8 tome; b, 
(c) are continued across this border, marginal rim ;c, facial suture; 
and they may be joined by a trans- ^ZZZ^aZ 
verse suture (d). t Attached to the Barrande.) 
border in the median line is a plate 

(a), usually oval or shield-shaped, situated in front of and 
below the mouth and known as the hypostome or labrum (fig. 
177). Just behind the mouth is the small lower lip-plate or 
metastoma (fig. 179 A, ra), which, up to /'^N 

the present time, has been found in (Ljjlft 

Triartkrus only. \Tt/ 

(lln many Trilobites a small oval or Fig m Hypostomeo4 
elliptical area, sometimes slightly raised Aaajihus tyrannus, from 
like a tubercle, in other cases depressed, the L1 &ndeilo Beds, x |. 
is found on each side of the hypostome just behind the 
middle of its outer surface (fig. 177); these maculce J arc 
sometimes entirely smooth, but in other cases a part, or the 
whole of the surface, shows a structure similar to that of 
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the compound eyes on the dorsal surface of the head, and 
such may have been visual organs. Maculae are not known 
to occur in any other Crustacea. 

jThe thorax (fig. 174 B) consists of a series of segments,! 
which vary in number from two to forty-two, and are 
movable upon one another, in some cases sufficiently to 
enable the animal to protect itself by rolling up like a 
woodlouse.|Each segment is divided into a median and two 
lateral parts by means of 
two furrows . The median or \ 
axial part is more convex 
than the lateral, and forms 
the axis (•'), the lateral parts Fi 8- 178 - P A 0Ta& \ 8urface of a Coracle 

. 17 i segment o* A saphusexpansus. a,nngot 

bemg known as the pleurce\ axis; 6> gr0 ove; c, articular portion; d, 
(k). The anterior part (fig. furrow between axis and pleura; d — g, 

178, c) of the axis of each P leui ; ai e < ™°™™''f> facet ; *- 8™°™ 

' on pleura, 

segment is not visible when 

the animal is unrolled, since it bends down and is over- 
lapped by the preceding segment, for which it forms an 
articular surface NThe pleurae in some genera possess a longi* 
tudinal ridge, in others a groovej(^), or both ridge and groove 
may occur; a few forms have plane pleurae. ^Each pleura, at 
some distance from the axis, is curved downwards jj and 
usually also backwards ; | the point where this curvature 
occurs is known as the fulcrum (e); sometimes the outer 
part of each pleura overlaps the anterior part of the suc- 
ceeding one, and then the front part of the pleura beyond 
the fulcrum may be smooth and flattened so as to form an 
articulating surface of facet ■ / ) . The terminations of the 
pleurae are in some cases rounded (fig. 178), in others pointed 
or produced into spines (fig. 183). 

iThe pygidium (fig. 174 C) is commonly triangular or semi- 
•cular in shapes and is formed of a variable number of 
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segments/ which do not differ in any essential respect from 
those of the thorax but^are fused together and immovable ; j 
on the dorsal surface the segmentation is shown by grooves^ 
cnly| The pygidium, like the thorax, is divided into a median 
part or axis, and lateral or pleural portions,* The conspicuous 
grooves on the lateral portions represent the grooves on the 
pleurae, and not the divisions between the segments. The 
axis may reach quite to the posterior extremity or only 
part of the way, and it tapers more rapidly than the axis 
of the thorax ; in Brontms it is very short. The margin of 
the pygidium may be even or entire, or may be provided 
with a posterior spine or with lateral spines. This margin 
is bent under so as to form a border on the ventral surface 
similar to that on the ventral surface of the head. In a few 
primitive Trilobites all the segments behind the head are 
free so that there is no differentiation into thorax and 
pygidium. 

For a long time the appendages of the Trilobites were 
unknown. In the great majority of specimens, when the 
under surface is exposed, the only parts which are found 
to be preserved are the hypostome and the reflexed borders 
of the dorsal exoskeleton. But in rolled-up specimens of 
Calymene and Cheirurns, Walcott showed, by means of thin 
sections, that jointed appendages are present on the head, 
thorax and pygidium, and that the ventral surface of the 
body is formed of a thin, uncalcified cuticle, strengthened 
by transverse arches. 

Subsequently specimens in which the body is not rolled 
up, showing clearly the ventral surface with the appendages, 
were obtained from the Utica Slate (Ordovician) near Rome 
(New York) and from the Middle Cambrian deposits of 
British Columbia. The most important of these belong to 
the genus Triarthrus from the Utica Slate (fig. 179). Each 
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segment of the body, excluding the last (or anal), is an( j 
to bear one pair of appendages, which, with the exce xVn 
of the first, are biramous. On the head there are five p t 




Fig. 179. Triarthru8 becki, from the Utica Slate (Ordovician) near Rome, 
New York. (After Beecher.) 

A. View of the ventral surface showing appendages, etc. h, hypostome; 
m, metastoma. x § . 

B. Diagrammatic section through the second thoracic segment, a, en- 
dopodite; b, exopodite. 

C. Dorsal view of second thoracic leg. a, endopodite; 6, exopodite; 
c, protopodite with gnathobase. Enlarged. 

of appendages. The first are the long antennae which are 
attached on each side of the hypostome (A) and consist of a 
large basal joint bearing a flagellum formed of numerous 
short conical joints ; these appear to be the only appendages 
in front of the mouth, and may represent the antennules 



TRILOBITA 361 

segmether Crustacea. The remaining four pairs of appendages 
thosr Jie head are biramous and all appear to have nearly the 
'on ame form but increase in size backwards ; the second pair 
may represent the antennae, the third the mandibles, and 
the fourth and fifth pairs the maxillae of other Crustacea/ 
Each maxilla consists of a large basal joint (the protopodite) 
which bears a stout endopodite and a slender exopodite; the 
latter carries a row of hairs or setce ; the inner edge of the 
protopodite is toothed and served as a jaw (gnathobaso) ; 
whilst the endopodite and exopodite assisted in locomotion. 
The appendages of the thorax are long, but gradually 
decrease in size backwards, and consist of a protopodite 
(fig. 179 C, c) bearing the endopodite (a) and the exopo 
dite (6) which are of nearly equal length. The endopodite 
is formed of six joints, and probably served as a swimming 
organ. The exopodite consists of a long basal joint followed 
by a part consisting of numerous short joints; it bears setae 
along its posterior edge and was probably adapted for 
crawling. The inner prolongations of the protopodites served 
as gnathobases. The limbs in each pair are widely separated, 
and in each segment the ventral cuticle between their bases 
is strengthened by a median longitudinal ridge and one or 
two oblique ridges on each side. On the posterior part of 
the thorax some of the joints of the endopodites become 
flattened. 

The appendages of the pygidium are similar to those on 
the posterior part of the thorax, but are more distinctly 
leaf-like owing to the flattening and expansion of the first 
segments of the endopodite which bear setae ; the exopodite 
is slender.) The anal opening is on the last segment (or telson) 
near the end of the pygidiumj 

In specimens of Neolenus from the Middle Cambrian of 
British Columbia, Walcott has discovered the caudal fork ; 




Fig. 180. Neolenus serratus, Middle Cambrian. Restoration of ventral 
surface. A, antennules; An, anus; C.r. caudal rami; En, endopodite; 
Ep, epipodite; Ex, exopodite; Hy, hypostome ; pr, protopodite; v.*. ventral 
integument. The setae have been omitted from the appendages on the 
right-hand side of the figure. (After Walcott.) x }. 



TRILOBITA 



363 



it consists of a pair of jointed filaments coming off from the 
end of the pygidium (fig. 180, G.r.). In addition to the 
genera mentioned some of the appendages have been found 
also in Olenellus, Trinucleus and Devonian species of Phacops. 









Fig. 181. Development of Trilobites. (After Barrande.) 

A — D. Sao hirsute, Cambrian, Bohemia. A, protaspid stage, x 12. 
B, meraspid stage, with three segments in the pygidium, x 12. 

C, with more distinct glabella furrows and four segments in the pygidium, 
x 12. D, with four thoracic segments and pygidial segments, x 10. 

E — H. Phacops (Dalmanitina) socialis, Ordovician, Bohemia, x about 8. 
E, earliest meraspid stage, with eyes at the margin, and three 
pygidial segments. F, later stage, with more distinct furrows on 
the glabella, and four pygidial segments. G, with eyes moved 
inward, and narrow free cheeks; with both thoracic and pygidial 
segments. H, free cheeks relatively larger and five thoracic and three 
pygidial segments. 



In some fine-grained deposits, especially in the Lower 
Palaeozoic rocks of Bohemia, the larval forms of Trilobites 
are found well preserved, and by obtaining specimens of 
different ages it is possible to trace out the changes which 
occurred in the development of the individual. In the 
earlie st or protaspid stage (fig. 181 A), the body is very 
convex or neaHy~gIobular with a discoid or ovate outline, 
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and consists of a large cephalic region and a small pygidial 
part, but without any line separating them; the axis is 
distinct, and is marked by furrows ; the free cheek, if present, 
is narrow. The glabella usually reaches the front margin 
of the head. In the next or meraspid (B, E) s tage a transverse 
suture separates the head from the pygidium. The pygidium 
increases in size by the addition of new segments in front 
of the last (or anal) segment; and the thoracic segments 
are gradually introduced between the head and the pygidium, 
and arise by the front segments of the pygidium becoming 
free (D, H). The eyes, which appear first at the margin, 
move backwards and inwards until they attain their adult 
position, and the free cheeks increase in size (H). The 
glabella may become rounded in front and relatively shorter ; 
its furrowj become more distinct, indicating the existence 
of five cephalic segments. In some cases (C, D) the facial 
suture appears first at the lateral margin of the head-shield ; 
in others (G) at the anterior margin. The holaspid sta ge 
begins after the full number of thoracic segments has 
appeared. During this stage further growth in size takes 
place, and changes occur in the form of the thoracic seg- 
ments and of the pygidium. 

The youngest stages of some of the Olenellids are of 
interest since segmentation is shown on the cheeks by means 
of grooves which extend outwards from the glabella; in 
these forms the eye -lobe appears first as an outgrowth from 
the front segment of the glabella. 

The possession of antennae, and the biramous character of 
the other appendages, connect the Trilobites with the 
Crustacea. The great variability in the number of segments 
in the thorax and pygidium, the large hypostome, and the 
gnathobases on the thoracic appendages seem to indicate 
that the Trilobites are related to the Phyllopod group of 
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the Branchiopoda (p. 377), and especially to Apus and 
Branchipus ; other features in which the two groups agree 
have been furnished by the discovery of the median unpaired 
eye and the caudal fork in Trilobites. But the Trilobites 
differ from the Phyllopods in the trilobation of the body, 
in the occurrence of a facial suture, and in the posterior 
segments being fused together to form a pygidium. In the 
character of their appendages the Trilobites are more primi- 
tive than the Branchiopods or any other Crustacea, since 
all except the first pair are very similar in structure and 
show but little specialisation in different regions of the body, 
and all are deeply biramous. It is probable that all the 
trunk limbs served in swimming, feeding and respiration. 
Other primitive characters are seen in the indication of 
segmentation on the dorsal surface of the head, and in the 
presence of a pair of appendages on every segment of the 
body except the last. The Trilobites differ from other 
Crustacea in having only one pair of pre-oral appendages. 

In the general form of the dorsal exoskeleton and in the 
dorsal position of the compound eyes many Trilobites show 
a resemblance to the Xiphosura (p. 411); this may be due 
to adaptation to a similar mode of life rather than to any 
close relationship, since the essential morphological features 
of the two groups are distinct. 

The dorso-ventrally flattened body, and the position of 
the eyes at the summits of the cheeks make it probable that 
most of the Trilobites were benthonic. The general similarity 
in form to Limulus, especially in such genera as Dalmanites 
and Homolonotus, suggests that they were able to burrow in 
the sand or mud in search of food in the same way that Limu- 
lus does. AfeWyKkeCyclopygeifig. 175)and Deiphon (tig. 188), 
were adapted for swimming. Some, like Acidaspis, possessed 
numerous long spines which enabled the animal to float. 
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Agnostus. Body small, head-shield and pygidium similar 
in form and size; eyes and facial^ suture ^a&sent; glabella does 
not reach the anterior bor3er of the Head, and has a small lobe 
at each of the posterior angles. Thorax formed of 2 segments, 
axis wide, pleurae grooved. Segmentation not shown on the 
lateral parts of the pygidium. Olenellus Beds to Bala Beds. 
Ex. A. pisiformis, Lingula Flags. 

Microdiscus. Similar to Agnostus but with from 2 to 4 
segments in the thorax, and axis of pygidium with numerous 
distinct segments. Olenellus Beds to Lingula Flags. Ex. 
M. punctatus, Lingula Flags. 

Trinucleus. Heaa* -shield large, with long genal spines, and 
a broad flat, ornamented border; glabella inflated, pyriform, 
furrows sometimes absent. Eyes generally absent. Facial suture 
absent or indistinct. Thorax with 6/^egments, pleurae grooved, 
straight, but slightly curved, near^heir extremities. Pygidium 
short, triangular, margin entire^ Arenig to Bala Beds. Ex. 
T. concentricus, Bala Beds. 

Ampyx. Similar to 'Trinucleus, Head-shield triangular, 
without a border, and with a long straight spine given off from 
the front of the glabella; facial sutures near the external margin, 
not continuous in front; free cheeks very narrow. Arenig to 
Wenlock Beds (chiefly Ordovician). Ex. A. nudus, Llandeilo 
Beds. 

Olenellus. Head-shield large, semicircular, with a border 
and genal spines ; glabella of nearly the same width throughout, 
the front lobe longer than the others ; facial sutures not visible ; 
eyes large, elongate, curved, joined to the front segment of the 
glabella. 14 segments in the thorax; pleurae grooved and 
produced into backwardly-curved spines; the third segment 
larger than the others and with longer spines. Pygidium 
elongate, spine-like, without lateral lobes. Lower Cambrian. 
Ex. 0. thompsoni. 

Mesonacis. Similar to Olenellus. Thorax elongated, tapering 
posteriorly, consisting of 15 anterior segments, behind which are 
10 shorter segments with the pleurae less well developed; the 
axis of the 15th segment bears a long backwardly -directed spine. 
Pygidium small, plate -like. Lower Cambrian. Ex. N '. vermontana, 

Holmia (fig. 182). Similar to Olenellus. A spine at the 
posterior margin of the head -shield between the glabella and 
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the genal spine. Thorax of 16 segments, the third not enlarged; 
pleura produced into narrow, separated spines. A row of spines 
extends down the axis of the body from the neck-ring nearly 
to the pygidium. Pygidium small, plate-like, with indications 
of segments on the axis. Lower Cambrian. Ex. H*Jyerulfi. 





A 

Fig. 182. Fig. 183. 

Fig. 182. Holmia kjerulfi, Lower Cambrian. A, pygidium. Natural size. 
(After Holm.) 

Fig. 183. Paradoxides davidis, from the Menevian Beds, x J. 

Callavia. Similar to Holmia. Glabella narrow, especially in 
front. Pleurae produced into broad spines. A long spine from 
the neck-ring. Lower Cambrian. Ex. C, broggeri. 

Paradoxides (fig. 183 \ Body large, elongated, narrowed 
posteriorly. Head -shield broad, semicircular, with a border, 
and long genal spines; glabella broad in front, with 2 to 4 
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furrows on each side, some of which are continuous across. 
Facial sutures extend from the posterior to the anterior border. 
Eyes large and arched. Thorax long, of 16 to 20 segments ; 
pleurae grooved and produced into long backwardly-directed 
spines. Pygidium very small, plate-like, its axis with 2 to 8 
segments. Middle Cambrian. Ex. P. davidis, Menevian; P. bo- 
hemicu8, Cambrian. 

Olenus (fig. 184). Body oval; head-shield larger than the 
pygidium, with a narrow border, and with genal spines; glabella 
not reaching the anterior border, and not 
expanding in front, usually with three pairs 
of furrows ; facial sutures extend from the 
posterior margin (near the genal angle ) to 
the front border; eyes a little in front of 
the middle of the cheeks, and united to the 
front of the glabella by an eye -line. Thorax 
of from 12 to 15 (typically 14) segments; 
axis narrow, pleurae with short points, ^ia. 184. Olenus cata- 
Pygidium small, with 3 or 4 segments ractes, from the Lingula 
indicated on the axis, and with entire Flags. Natural size. 
border. Lingula Flags to Tremadoo Beds. 

Ex. O. gibbo8U8, O. cataractes, Lingula Flags. Parabolina, Peltura, 
Parabolinella, Leptopla8ttcs y Eurycare, and Spftcerophthalmus are 
closely related to Olenus. 

Conocoryphe ( = Conocephalite8). Head-shield semicircular, 
with a furrow inside the border, with genal spines (not always 
preserved); axial furrows deep, glabella narrow in front and 
with 3 or 4 backwardly-directed furrows and a well-marked 
neck-furrow; free cheeks narrow; eyes absent. Facial sutures 
begin just within the genal angles, and cut the front margin. 
Hypostome convex, formed of a central oval portion sur- 
rounded by a narrow border. Thorax with 14 or 15 segments; 
pleurae grooved. Pygidium small, margin entire, axis with from 
2 to 8 segments. Lower Cambrian to Tremadoc Beds. Ex. 
G. lyetti, C. sulzeri, Lower Cambrian. 

Angelina. Body oval. Head-shield with long genal spines, 
glabella parabolic, without furrows; eyes small, near the middle 
of the cheeks. Thorax with 14 or 16 segments, pleurae faceted. 
Pygidium short, margin provided with two teeth, axis of 4 or 5 
segments. Tremadoc Beds. Ex. A. sedgwicki. 
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Galymene (figs. 174, 176). Head-shield semicircular, genal 
angles rounded, occasionally pointed; glabella inflated, broadest 
behind, with three pairs of lateral furrows separating three 
globular lobes on each side. Eyes small, prominent. Facial 
sutures extending from the genal angles to the anterior border, 
where they are connected by a transverse suture below the 
margin. Thorax of 13 segments, axis prominent, pleurae grooved 
and faceted. Pygidium with 6 to 11 segments, margin entire. 
Arenig to Upper Ludlow. Ex. C. tuberculata, Wenlock Lime- 
stone. 

Homalonotus (fig. 185). Body large, elongated, with in- 
distinct trilobation. Head-shield broad, genal angles rounded, 
furrows on the glabella indistinct or absent. Eyes small. Facial 
suture passing from the genal angles to the front margin, and 
often continuous in front. Thorax with 13 segments; axis wide, 
not well marked. Pygidium triangular, axis with 10 to 14 seg- 
ments. Arenig to Devonian. Ex. H. delphinocephalus, Wenlock 
Beds; H. bisulcatus, Ordovician. 

Oft v 6* a ' Body oval, nearly flat. Head-shield large, semi- 
circular, with a flattened border; glabella distinct, wider in 
front, with 4 or 5 lateral furrows. Eyes large. Facial sutures 
pass from the posterior border to the front margin, and are 
generally continuous at the margin. Free cheeks large. Hypo- 
stome not notched. Thorax of 8 segments, axis narrow, distinct ; 
pleurae grooved, usually with pointed ends. Pygidium large, 
semicircular, margin entire, axis of numerous segments. Tre- 
madoc to Llandeilo Beds. Ex. O. buchi, Llandeilo Beds. 

Asaphus (figs. 177, 186). Body oval, surface smooth or with 
striae. Head -shield large, semicircular with a flattened border, 
genal angles rounded or spinose; glabella indistinctly defined, 
wide in front, with indistinct lateral furrows. Eyes large. Facial 
sutures pass from the posterior to the anterior margin and are 
generally continuous at the front margin. Free cheeks large. 
Hypostome notched posteriorly. Thorax formed of 8 segments, 
axis rather broad, pleurse obliquely grooved, with rounded 
extremities. Pygidium of about the same size as the head, 
rounded, formed of numerous segments ; margin entire. Trema- 
doc to Bala Beds. Ex. A. powisi, A. tyrannus, Llandeilo. 
Sub -genus Asaphellvs: hypostome not notched. Tremadoc Beds. 
Ex. A. homfrayi. 

wp 24 
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Illeenus. Body oval, convex. Head-shield large, semicircular; 
glabella indistinctly limited except near the posterior end, with- 





Fig. 186. 



Fig. 185. 

Fig. 186. Homcdonotu8 delphinocephalus, Silurian. Natural size. (From 

Nicholson.) 

Fig. 186. Asaphus tyrannus, from the Llandeilo Beds, x J. 



out furrows externally. Eyes remote from one another. Facial 
sutures commence on the posterior border, cut the anterior 
border in front of the eye, and unite on the inferior surface. 
Free cheeks small. Thorax with usually 10 segments, axis 
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broad, pleurae neither grooved nor ridged. Pygidium large, 
semicircular, axis indistinct, segments not visible externally. 
Arenig to Wenlock. Ex. J. davisi, I. bowmanni, Bala Beds. 

Cyclopyge (=JEglina) (fig. 175). Head-shield large; glabella 
large, convex, projecting beyond the margin in front. Cheeks 
narrow; eyes very large, occupying nearly all the free cheeks. 
Facial sutures discontinuous, close to the glabella. Thorax with 
5 or 6 segments, axis broad, pleurae grooved. Pygidium rounded, 
axis short. Arenig to Bala Beds. Ex. C. binodosa, Arenig Beds. 

Bronteus ( = Qoldius). Head-shield large, semicircular, genal 
angles pointed. Glabella expanding rapidly in front, with 
3 lateral furrows in some species, none in others. Facial sutures 
start from the posterior border and are discontinuous in front. 
Free cheeks large; eyes crescentic, placed near the posterior 
border. Thorax with 10 segments, pleurae ridged. Pygidium very 
large, fan-shaped ; axis very short ; lateral lobes large, with radiat- 
ing grooves. Bala Beds to Devonian. Ex. B. flabellifer, Devonian. 

Harpes. Form similar to Trinucleus, but border of head- 
shield broader, finely punctate, and extended posteriorly to 
near the end of the thorax instead of bearing narrow genal 
spines. Glabella short, convex, not expanded in front. Eyes 
consist of 2 or 3 lenses, and are usually joined to the front part 
of glabella by an eye-line. Thorax with 22 to 29 segments; 
axis narrow, pleurae long, grooved. Ordovician to Devonian. 
Ex. H. ungula, Ordovician. 

Phacops. Head-shield nearly semicircular; glabella promi- 
nent, broadest in front, with 3 or 4 furrows, which are sometimes 
indistinct; facial sutures commencing on the lateral borders of 
the cheeks in front of the genal angle, and continuous in front 
of the glabella. Eyes generally large, formed of large distinct 
lenses. Thorax with 11 segments, pleurae grooved. Pygidium 
variable. Ordovician to Devonian. 

Phacops, as defined above, may be divided into: 

Phacops (restricted ) : glabella inflated and expanded in front, 
with the two anterior furrows obscure. Eyes large. No genal 
spines. Silurian and Devonian. Ex. P. stokesi, Silurian. 

Trimerocephalu8 : glabella furrows obscure or absent. Eyes 
small. No genal spines. Devonian. Ex. T. Icevis. 

Acaste : glabella not much expanded in front, all the furrows 
distinct. Ordovician and Silurian. Ex. A. doumingice, Silurian. 

24-2 
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Chasmops- glabella greatly expanded in front, two anterior 
furrows large, two posterior very small. With genal spines. 
Ordovician. Ex. C. conophthalmm, Bala Beds. 

Dalmanites: glabella not much expanded in front, all the 
furrows distinct. Eyes large. Genal spines long. Pleurae often 
produced into spines. Silurian. Ex. D. caudatus, Silurian. 





Fig. 187. Fig. 188. 

ze. (From I 

Fig. 188. Deiphon forbesi, Wenlock Shales, x 2. (After Whittard.) 



Fig. 187. Cheirurus insignis. Silurian Natural size. (From Nicholas after 
Barrande.) 



Cheirurus (fig. 187). Head-shield semicircular, genal angles 
pointed or with spines; glabella convex, oblong or ovoid, with 
three pairs of furrows which are sometimes continuous across, 
the last pair uniting with the neck-furrow. Facial sutures 
continuous in front and ending on the external margins. Free 
cheeks small ; eyes prominent. Thorax with usually 11 segments, 
pleura grooved, and produced into spines. Pygidium small, 
with 4 segments, lateral lobes with backwardly-directed spines. 
Trenmdoc to Devonian. Ex. C. articulatus, Devonian; C. bimu- 
cronatas, Bala to Ludlow Beds; C. juvenis, Bala Beds. 
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Deiphon (fig. 188). Glabella globular or ovoid without fur- 
rows. Fixed cheeks forming two long curved spines. Free 
cheeks small, sub triangular. Thorax with 9 segments; pleurae 
in the form of free spines. Pygidium short, 5 segments, pro- 
longed into two spines on each side. Llandovery and Wenlock. 
Ex. D. forbesi. 

Sphaerexochus . Glabella large, spheroidal, with 3 pairs of 
furrows — the two anterior indistinct, the posterior curving 
backwards and joining the deep neck-furrow. Cheeks small; 
eyes small, near the axial furrow; facial suture starts from the 
genal angle. Thorax with 10 segments; pleurae without grooves, 
with rounded ends. Pygidium small, with 3 segments. Ordo- 
vician and Silurian. Ex. S. mirus, Wenlock Limestone. 

Staurocephalus. Glabella with a spherical lobe projecting 
in front of the cheeks; the remainder of the glabella narrow and 
cylindrical with 2 pairs of furrows and a deep neck-furrow. 
Cheeks very convex, with a flat border. Facial suture starts 
from the lateral margin and cuts the front margin. Eyes on 
stalks. Thorax with 10 segments; pleurae ridged, produced into 
spines. Pygidium small, of 4 segments, with pleurae produced 
into spines. Bala to Wenlock Limestone. Ex. S. murchisoni y 
Wenlock Limestone. 

Encrinurus. Head-shield covered with tubercles; with a 
flat border, and pointed genal angles; glabella pyriform, con- 
fluent with the border in front, its furrows indistinct or absent ; 
eyes small, on short peduncles. Facial sutures continuous in 
front, ending just in front of the genal angles. Free cheeks 
narrow. Thorax with 11 similar segments, pleurae ridged. 
Pygidium narrow, triangular, with many segments in the axis, 
with 6 to 12 pleurae bent backwards and diverging from the axis. 
Bala to Upper Ludlow. Ex. E. punctatus, Wenlock Limestone. 

Cybele. Similar to Encrinurus. Three pairs of more distinct 
glabella furrows; border continuous in front of the glabella; 
genal angles usually rounded ; facial sutures continuous in front. 
Thorax with 12 segments; pleurae of the first 5 with blunt ends, 
those of the remaining 7 produced into spines. Pygidium with 
4 or 5 pleurae which bend sharply backwards and converge 
towards the axis. Ordovician. Ex. C. verrucosa, Bala Beds. 

Lichas. Test covered with tubercles. Head-shield convex, 
relatively small, with genal spines. Glabella broad, with a 
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central raised part, furrows directed backwards. Facial sutures 
pass from the posterior to the anterior border. Cheeks and eyes 
small. Thorax with 9 or 10 segments; pleurae grooved, ending 
in rather long spines. Pygidium large, showing 2 or 3 segments, 
lateral parts produced into spines. Llandeilo to Wenlook. 
Ex. L. anglicus, Wenlook. 

Acidaspis (fig. 189). Head-shield broad, its trilobation not 
well marked, with genal spines, and usually with spines at the 
margin of the head; glabella with a pair of longitudinal furrows 
parallel to the axial furrows, and with two or three lateral 
furrows. Facial sutures start from the posterior margin j ust within 




Fig. 189. Acidaspid prevosti, from the Silurian. Head-shield. (After 
Barrande.) 1, 2, 3, first, second, and third glabella furrows (the first 
usually indistinct); a, central part of the glabella; c — b — n, inner furrow 
of glabella; c — v, neck-furrow; d — v — x, axial furrow; k — x f fixed cheek; 
o, eye; o — n, eye-line; p, genal spines; q, spines from neck-ring; r, neck- 
ring; * — s' t facial suture; y, spines. Enlarged. 

the genal angle and cut the front margin. Free cheeks large. 
Eyes connected with the glabella by an eye -line. Thorax with 
9 or 10 segments, pleurae with ridges produced into long spines. 
Pygidium small, with long spines. Llandeilo Beds to Devonian. 
Ex. A. barrandei, A. brighti, Wenlock. 

Phillipsia (fig. 190 B — E). Body oval: glabella with nearly 
parallel sides, with 3 or 4 narrow lateral furrows, of which the 
posterior one curves backwards and joins the deep neck-furrow, 
thus cutting off a basal lobe. Facial sutures cut the posterior 
border obliquely, and the anterior border in front of the eye. 
Free cheeks large ; eyes large, reniform. Thorax with 9 segments, 
pleurae grooved. Pygidium semicircular, with 12 to 18 seg- 
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ments, margin entire. Devonian to Permian. Ex. P. derbiensis, 
Carboniferous. 

Proetus . Closely allied to PhilHpsia but with fewer segments 
in the pygidium. Ordovician to Permian, chiefly Devonian. 
Ex. P. fletcheri, Wenlock. 




Fig. 190. A, Oriffithidea globiceps, Carboniferous Limestone. B — E, Phil- 
Up8ia derbiensis, Carboniferous Limestone; D, hypostome; E, thoracic 
segment. (From Nicholson, after Woodward.) x 1J. 

Grifflthides (fig. 190 A). Body oval; glabella with inflated 
basal lobes out off by the posterior furrow, and without other 
lateral furrows; main part of glabella pyriform; eyes rather 
small. Thorax with 9 segments. Pygidium rounded, with about 
13 segments. Carboniferous Limestone. Ex. O. seminiferus. 

Distribution of the Trilobita 

The Trilobites are confined to the IPalaeozoic pe riod, and 
form one of the most important and striking features in the 
faunas of the Lower Palaeozoic deposits. They occur first 
in the Lower Cambrian Beds, and reach their maximum 
in the^ Ordoyician. In the Silurian, Trilobites are still 
abundant, but become less important in the Devonian. Only 
one family survives from the Devonian into the Carboniferous 
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and is represented by four or five genera only. Trilobites 
have been found in the Permian of Sicily, the Crimea, the 
United States, China, Timor and Western Australia. 

Already in the Cambrian period the Trilobites were repre- 
sented by a considerable variety of forms, showing that even 
then the group must have been of considerable antiquity, 
but at present no traces of the ancestors of the Cambrian 
forms have been found. It is in the Cambrian System that 
we meet with the largest, as well as the smallest Trilobites, 
e.g. Paradoxides and Agnostics. As a whole, it may be said 
that the Trilobites which are confined to the Cambrian 
period are characterised by the possession of a large number 
of thoracic segments, and of a small pygidium (figs. 182, 
183); whereas, in the Ordovician, most of the characteristic 
genera have fewer segments in the thorax and possess large 
pygidia (fig. 186). 

The stratigraphical distribution of the more important 
genera is shown below. 

Lower Cambrian. Characterised especially by Olenellus and 
its allies (Mesonacis, Holmia, Callavia). Agnostus, Microdiscus, 
Redlichia, etc. 

Middle Cambrian. Distinguished by Paradoxides. Other 
common forms are Agnostus, Microdiscus, Solenopleura, Centro- 
pleura, Conocoryphe,Arionellus, Sao, Ellipsocephalus, Ogygiopsis. 

Upper Cambrian. Characterised by Olenus and its allies 
(Parabolina, Parabolinella, Sphcerophthalmus, Peltura, Ctenopyge, 
Triarthrus). Dikelocephalus, Niobe, Anacheirurus, Angelina, 
Asaphellus, Orometopus, Shumardia. 

Ordovician. Agnostics, Ampyx, Trinucleus, Ogygia, Asaphics, 
Illoenus, Cyclopyge, Chasmops, Calymene, Cybele, Lichas. Ogygia, 
Asaphics, Trinucleus and Ampyx are abundant. 

Silurian. Calymene, Homalonotus, Illcenus, Phacops, Dal- 
manites, Acaste, Cheirurus, Deiphon, Sphcerexochus, Encrinurus, 
Acidaspis, Proetus, Lichas. Calymene and Phacops are particu- 
larly abundant. 
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Devonian. Homalonotus, Bronteus, Phacops, Trimerocephalus, 
Cryphceu3 t Cheirurus, Proetus. 

Carboniferous. Phillipsia, Griffithides, Brachymetopvs. 
Permian. Phillipsia (Neophillipsia), Proetus (Neoproetus.) 



SUB-CLASS II. BRANCHIOPODA 

The Branchiopoda include the water-fleas (Daphnia, etc.) 
and other forms. The body, except in one group, is distinctly 
segmented, and often the greater part, or sometimes the 
whole, is covered by a carapace which may be shield-like, 
as in ApuSy or in the form of a bivalved shell resembling a 
lamellibranch, as in Estheria (fig. 191); in some forms there 
is no carapace. The number of segments in the trunk varies 
very widely, there being in some cases as many as 42 ; but 
no satisfactory differentiation of these segments into thorax 
and abdomen can be recognised. 

On the head there are generally two pairs of antennae, one 
of mandibles, and one or two of maxillae ; the maxillae are 
small and in some cases the second pair are absent. The 
trunk bears several pairs of appendages which are generally 
uniform in structure and of the phyllopod type ; they are 
flattened and leaf-like and serve in swimming, feeding and 
respiration; their basal endites function as jaws (gnatho- 
bases). Some of the posterior segments of the trunk may 
be without appendages. The last segment of the body (the 
telson) generally bears a caudal fork, having the form of a 
pair of spine-like or plate-like processes or of jointed fila- 
ments. A pair of compound eyes are usually present, and 
often also a simple unpaired median eye; the former are 
usually sessile, but in some cases are borne on movable 
stalks. 

The Branchiopoda live mainly in fresh water, but some 
are found in the sea, in salt lakes, and in brackish water. 
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Only a few genera are found fossil. The group is divided 
into four Orders, (1) the Anostraca, (2) the Notostraca, 
(3) the Conchostraca, (4) the Cladocera. The first three 
Orders are often grouped together as the Phyllopoda. The 
Cladocera are not definitely known as fossils. 

Order 1. Anostraca. The body is elongate and consists of 
numerous segments. There is no carapace. The paired eyes are 
stalked. The antennae are not biramous. A species which ap- 
pears to belong to the living genus Artemia has been found 
in the Oligocene of the Isle of Wight. Other genera which 
may belong to this Order occur in the Middle Cambrian of 
British Columbia. Lepidocaris, from the Old Red Sandstone of 
Aberdeenshire, is closely allied to the Anostraca, but differs 
(1) in being without stalked eyes, (2) the antennae are large 
and biramous, (3) the clasping organ in the male is developed 
on the first maxillae instead of on the antennae, (4) the trunk 
limbs are differentiated into two series, the first three being 
of the phyllopod type, the last eight biramous. 

Order 2. Notostraca. Carapace in the form of a dorsal 
shield covering the anterior part of the trunk. The antennules 
and antennae are much reduced. Eyes sessile and close together. 
Caudal fork consists of jointed filaments. The living form Apus 
has been recorded from the Permian of Oklahoma and from the 
Trias of Alsace. Lepiduriis has been identified in the Trias of 
South Africa. The earliest representative of the Order is 
Protocari8, which resembles Apus and is found in the Lower 
Cambrian of North America. A few other genera 
occur in the Middle Cambrian of British 
Columbia. 

Order 3. Conchostraca. Carapace forming 

a bivalved shell covering the entire body. Eyes ~. . Q1 „ , . 
sessile. Antennae large and biramous. minuta, 'from the 

The principal genus is Estheria (fig. 191) in Trias. x3. 
which the valves are thin, horny; ovate, oblong 
or quadrilateral, united at the straight dorsal border; the surface 
is covered with concentric ridges or striae. Old Red Sandstone, 
Coal Measures, Permian, Trias, Wealden, Recent. Lives in fresh 
or rarely in brackish water. 
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SUBCLASS III. OSTRACODA 

The Ostracods (fig. 192) are indistinctly segmented and 
generally of minute size. The, body is usually compressed 
laterally, and is completely enclosed in a bivalved carapace, 
which may be horny or calcareous. One valve is placed on 
each side of the animal, and the two valves are joined 
together dorsally by an elastic ligament which serves to 
open the shell; sometimes a hinge is formed by means of 
interlocking teeth and ridges; an adductor muscle passes 
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Fig. 192. Lateral view of Cypris Candida. (After Zenker.) 1, antennules; 
2, antennae; 3, mandibles; 4, first maxillae; 5, second maxillae; 6, 7, first 
and second pairs of legs; 8, tail; 9, eye. Enlarged. 

from the interior of one valve to the other and by its con- 
traction the shell is closed ; usually the muscular impression 
can be seen from the outside. There are seven pairs of 
appendages, which can be protruded when the shell is 
opened. In some of the marine forms the shell is notched 
anteriorly so as to allow the antennae to pass through when 
the shell is olosed. The head carries two pairs of large an- 
tennae which are used for locomotion, one pair of mandibles, 
and two of maxillae; the mandibles have a palp, usually 
large, which is not present in the Branchiopoda. The trunk 
has two pairs of appendages, which are not of the phyllopod 
type ; the posterior part is without appendages and terminates 
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in a caudal fork. A simple unpaired median eye is usually 
present and sometimes lateral compound eyes also. Respira- 
tion takes place by means of the general surface of the body. 
The carapace is in almost all cases the only part which occurs 
fossil, but specimens of Palceocypris with the appendages 
preserved have been found in the Coal Measures of St 
jfitienne. The surface of the carapace may be smooth or 
variously ornamented. 

Leperditia. Carapace thick, smooth, convex, sub -oblong, a 
little higher posteriorly. The right valve larger than the left, 
and overlapping its ventral edge. Hinge -line straight; ventral 
margin rounded. There is a small tubercle ('eye -spot') placed 
anteriorly near the hinge; and posterior to it is a circular 
muscular imprint, sometimes visible on the exterior. Ordo- 
vician to Devonian. Ex. L. hisingeri, Silurian. 

Primitia. Carapace generally equivalve, convex, oblong or 
ovate. Hinge -line straight. Each valve has a transverse sulcus 
which starts from the hinge-line. Ordovician to Permian. Ex. 
P. 8trangulata, Bala Beds. 

Beyrichia (fig. 193). Carapace elongated, inflated, posterior 

border a little higher than the anterior; dorsal border straight, 

ventral border semicircular. Two or three 

large furrows pass from the dorsal towards (^2$) 

the ventral edge; the parts between the dfVfJ) 

furrows are convex and often tuberculate, ^~ 

the middle part being the smallest. Silurian fr^frft 

and Devonian. Ex. B. klcedeni, Llandovery. . 

Entomis. Carapace equivalve, almond- ¥l f™?' Be ^ ch ' a ^f 

. . .,, r /*■ „ radella) complicata, Bala 

shaped, with a deep transverse furrow Beds The £ wer figure 

which passes from the dorsal border (a s h ws the dorsal aspect 

little in front of the middle) towards the of the united valves. x2. 

ventral border. Surface smooth or with 

raised lines. Anterior margin notched for the passage of the 

antennae. Silurian to Permian. Ex. E. tuberosa f Silurian. 

Cythere. Shell oblong-ovate or subquadrate, highest in 

front; smooth or ornamented with pits, spines, or ridges. Hinge 

with teeth anteriorly and posteriorly. Permian to present day 
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(chiefly Cretaceous and later). Ex. C. striato -punctata, Eocene; 
C. punctata, Pliocene. 

Cypris (fig. 192). Carapace thin, smooth or punctate, kidney - 
shaped or oval; ventral edge often concave. Left valve the 
larger. Hinge without teeth. Tertiary to present day. Fresh 
water. Ex. C. faba, Miocene ; C. gibba, Oligocene to present day. 

Cypridea. Valves ovate -oblong, convex in the middle, 
broad at the anterior third, narrower behind; with a notch at 
the anterior ventral angle behind a beak-like process. Surface 
smooth, punctate, or tuberculate. Hinge -margin straight, along 
the middle third of the dorsal edge. Left valve the larger. 
Purbeck, Wealden, and Oligocene. Fresh water. Ex. C. valden- 
8i8, Wealden Beds, etc. 



Distribution of the Ostracoda 

The Ostracods have a very wide distribution at the present 
day; many forms are marine, and some are abundant in 
fresh water. The marine forms often occur in shoals; some 
are pelagic, but others live on the seafloor and are more 
abundant in shallow than in deep water, only fifty- two 
species being found beyond the 500 fathom line. 

The fossil forms are very numerous, the earliest occurring 
in the Upper Cambrian. Leperditia, Primitia, and Beyrichia 
are abundant in the Ordovician and Silurian; Entomis in 
the Devonian; and Cypridina and Bairdia in the Carboni- 
ferous. Cypridea is common in the Purbeck and Wealden 
Beds; and Cy there in the Tertiary formations. 

SUB-CLASS V. CIRRIPEDIA 

The Cirripedes include the barnacles, acorn-shells, etc. — 
forms which differ considerably in appearance from the 
other crustaceans and were for a long time regarded as 
molluscs. The body is completely enclosed in a 'mantle' 
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formed by a fold of the skin, which commonly secretes a 
calcareous shell. The animal, in the adult state, is fixed 
to a foreign object by the anterior end of the head, either 
directly or by means of a muscular peduncle. The seg- 
mentation of the body is indistinct. The head bears one or 
two pairs of antennae (the second pair usually absent in the 








Fig. 194. Fig. 195. 

Fig. 194. Lepas austrcUis, Recent, a, scutum; b, tergum; c, carina; 
d, peduncle. Natural size. (After Darwin.) 

Fig. 195. Proverruca vinculum, Upper Chalk (Senonian). c. carina; 
c.l. carinal latus; r, rostrum; r.l. rostral latus; m.«. movable scutum; 
/.*. fixed scutum ; m.t. movable tergum ; f.t. fixed tergum. (After Withers.) 

adult), one pair of mandibles, and two pairs of maxillae. 
The trunk has usually six pairs of biramous feathery limbs 
(or 'cirri') which serve for collecting food. The posterior 
part of the trunk (abdomen) is much reduced and without 
appendages. Heart and vascular system are absent; nearly 
all forms are hermaphrodite. The shell consists of several 
pieces, the number and arrangement of which are of great 
systematic importance ; in Lepas (which possesses a peduncle) 
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there are five, two are placed on each side of the body, 
those near the peduncle being termed the scuta (fig. 194, a), 
those at the upper end the terga (6), and there is also one 
unpaired part placed dorsally, the carina (c). In some 
genera the peduncle is covered by rows of scale-like plates. 
Balanus has no stalk ; its shell consists of a tube or truncated 
cone formed of six pieces, at the top of which the scuta and 
terga are placed and form an operculum. In Cirripedes in 
which a peduncle is present the remainder of the body is 
known as the capitulum. 

Distribution of the Cirripedia 

The Cirripedes are all marine, and the greater number are 
found in shallow water, particularly near the coasts, Balanus 
being especially characteristic of littoral regions. At depths 
greater than 1000 fathoms, only two genera, Scalpellum and 
Verruca, have been found, and these are not confined to 
deep water. 

The earliest undoubted Cirripedes at present known is 
Prcelepas from the Middle Carboniferous of the Donez and 
Kusnetzk basins of Russia. 1 In England the earliest form 
is Eolepas which appears in the Khsetic and continues into 
the Upper Jurassic. In addition to this genus, Archceokpas 
and a few others are found in the Jurassic. In the Cretaceous 
there are various stalked Cirripedes such as Zeugmatolepas, 
Calantica, Cretiscalpellum, Scalpellum (Arcoscalpellum y Virgi- 
scalpellum) and Stramentum (-Loricula). From the Car- 
boniferous to the Lower Cretaceous all the Cirripedes are 
stalked forms. It is not until the Upper Cretaceous that we 

1 Eobalanvs from the Upper Ordovician, Hercolepas from the Upper 
Silurian, and Protobalanus and Palceocreusia from the Middle Devonian 
have been regarded as Cirripedes, but their relationship to this group is 
far from being established. (See also p. 186). 
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find sessile Cirripedes, represented by the genera Proverruca, 
Verruca, Pycnolepas, Brachylepas and Catophragmus (Pachy- 
diadema). There is evidence to show that three separate 
groups of sessile Cirripedes have been derived independently 
from stalked forms. Proverruca, from the Chalk (fig. 195), 
is of interest since it forms a link between the stalked 
Scalpellidae and the sessile Verrucidae. In the Tertiary Cirri- 
pedes are more numerous than in the Mesozoic. Balanus 
and Lepas appear in the Eocene. Mitella ( = Pollicipes) is 
not known for certain as a fossil. 

SUB-CLASS VI. MALACOSTRACA 

The Malacostraca are usually of larger size than the Crustacea 
belonging to the four preceding groups. With the exception 
of the Leptostraca, the number of segments is constant, 
there being eight in the thorax, and six in the abdomen 
(not including the telson), making altogether twenty seg- 
ments in the body. The abdomen is clearly marked off from 
the thorax by the character of the appendages. In many 
cases the development is direct, the young having the same 
or nearly the same form as the parent, but usually larval 
stages occur; the principal larval form is the zoaea, but a 
nauplius stage may also occur. 

In many groups of the Malacostraca a dorsal shield or 
carapace is present, and usually coalesces with the terga of 
some or all of the thoracic segments (fig. 203, b — c) . The telson 
(e) — a median plate at the end of the abdomen — does not 
terminate in a caudal fork except in the Leptostraca. Each 
segment of the body, except the telson, usually carries a pair 
of appendages. The antennules (unlike those in the preceding 
groups) are biramous. In some of the Malacostraca the 
thoracic appendages are all biramous; but often, with the 
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exception of some of the anterior appendages, they are 
uniramous, the exopodites being absent. One or more (often 
three) of the anterior appendages of the thorax are modified 
so as to function as jaws, and are known as maxillipedes ; 
the remainder of the thoracic appendages are used in loco- 
motion. The appendages of the abdomen are biramous; the 
first five pairs are swimming legs (phopods); the last pair 
(the uropods, fig. 203,/) are flattened and commonly form 
with the telson a tail-fan. In the Malacostraca the position 
of the genital apertures is constant (p. 351). A pair of 
compound eyes are usually present. Calcareous ossicles are 
developed in the stomach forming a 'gastric mill'. 

There are five Orders of the Malacostraca: (1) Lepto- 
straca, (2) Syncarida, (3) Peracarida, (4) Eucarida, (5) Hop- 
locarida. 



ORDER I. LEPTOSTRACA (PHYLLOCARIDA) 

The Leptostraca differ in several respects from all the other 
Orders of the Malacostraca, and possess characters which 
connect them with the Bran chio pods. Only four genera are 
now living, of which the commonest is Nebalia; they are 
small shrimp -like Crustacea, with the body laterally com- 
pressed. A large bivalved carapace (fig. 196, m) covers the 
head, the thorax, and some of the abdominal segments, but 
is united to the head only; the two valves are connected 
by an adductor muscle (p) just as is the case in the Ostracods 
and many Branchiopods. In front of the carapace is a 
movable plate or rostrum (a). There are eight segments in 
the thorax (r-t), seven in the abdomen (u-l)> and a telson 
carrying two pointed processes — the caudal fork (/). There are 
nineteen pairs of appendages, as in the Malacostraca; the 
head bears the antennules (c) and the antennae (d), one pair of 
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mandibles (n), two of maxillae (q, o) ; on the thorax there are 
eight similar pairs of limbs (/) which are leaf -like and re- 
semble those of Branchiopods; the abdomen has six pairs of 
appendages, the first four being large biramous swimming 




Fig. 196. Paranebalia hngipes, Recent. (After Sars.) x 13. a, rostrum; 
b, eye; c, antennule; d, antenna; e, mandibular pulp; /, last thoracic 
leg; 0, first abdominal leg; h, k, rudimentary limbs of fifth and sixth 
abdominal segments; l t one half of the caudal fork; m, cephalic part 
of carapace; n, mandible; o, second maxilla; p, adductor muscle of 
carapace; q, first maxilla; r, first segment of thorax; «, ovary; t, last 
segment of thorax; u, first abdominal segment. 



legs (g), the last two small and uniramous (h, k). The last 
abdominal segment is without appendages. The eyes are com- 
pound and stalked. The mandible bears a long, three- jointed 
palp (e). The anus opens on the telson between the two 
branches of the caudal fork. 

The Leptostraca agree with the Malacostraca in. having 
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the abdomen and its appendages clearly marked off from 
the thorax; in the position of the genital apertures; in 
possessing eight segments in the thorax ; in having nineteen 
pairs of appendages ; and in the occurrence of a masticatory 
stomach. They differ from the Malacostraca in the bivalved 
carapace with an adductor muscle ; in the possession of leaf- 
like thoracic legs, of seven abdominal segments, and a 
caudal fork. From most of the Malacostraca they are 
further distinguished by the presence of a movable rostrum, 
and by all the segments of the thorax being free. The group 
of the Malacostraca to which the Leptostraca seem to be 
most nearly allied is the Mysidae — a family of the Mysidacea 
(p. 391). 

In the characters of the carapace and of the thoracic 
legs, and in the presence of a caudal fork, the Leptostraca 
resemble the Branchiopoda. But they differ from them in 
the clear separation of the thorax from the abdomen; in 
the possession of a rostrum and a mandibular palp ; and in 
the long antennules. Stalked eyes are found in some 
Branchiopoda and in many Malacostraca. 

The Leptostraca are clearly generalised types, and are 
probably to be regarded as the last survivors of a primitive 
group of Crustacea. No representatives of the Order have, 
however, yet been discovered in post-Triassic rocks; but a 
number of Crustacea which closely resemble the living 
Leptostraca in the form of the body, with in some cases a 
movable rostrum, are found in the Palaeozoic formations; 
they differ, however, in being much larger, and, usually, in 
the caudal fork consisting of more than two spine -like pro- 
cesses. Except in the genus Hymenocaris the appendages 
of these Palaeozoic forms are almost unknown, and con- 
sequently it is difficult to determine their affinities satis- 
factorily. Masticatory organs in the stomach are stated to 
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occur in some of the fossil forms. Some of the principal 
Palaeozoic genera are described below. 

Hymenocaris (fig. 197). Carapace semi-oval, smooth, not 
bivalved. Eight trunk-segments exposed, with four to six 
caudal spines. Lingula Flags. Ex. H. vermicauda. 

Ceratiocaris. Carapace bivalved, often marked with striae, 
sub -oval, narrow in front, truncated behind and with a lanceo- 
late rostrum in front. Thorax and abdomen formed of fourteen 
or more segments, the first seven or more being covered by the 





Fig. 197. Fig. 198. 

Fig. 197. Hymenocaris vermicauda, Lingula Flags, x J. 

Fig. 198. Caryocaria curvilatus, Lower Ordovician. Restoration. Natural 
size. (After Ruedemann.) 

carapace; telson long and pointed, with two lateral spines. 
Tremadoc Beds to Upper Silurian. Ex. C. stygia, C. papilio, 
Ludlow Beds. 

Caryocaris (fig. 198). Carapace bivalved, pod -like, narrow, 
smooth, rounded at one end, truncated at the other. Arenig 
Rocks. Ex. (7. wrighti. 

Dlthyrocarls. Carapace large, bivalved, with a narrow, 
anterior notch; rostrum unknown. Each valve semi -oval, trun- 
cated behind, with a median longitudinal ridge; another ridge 
at the dorsal margin where the valves join. Surface often with 
pits or granules. Exposed part of abdomen short, with a narrow, 
sharply-pointed telson bearing on each side a spine-like ap- 
pendage. Devonian and Carboniferous. Ex. D. colei, Carboni- 
ferous. 

Discinocaris. Carapace sub-circular, slightly convex, formed 
of one piece with a notch in front in which the triangular 
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rostrum is placed. Surface with concentric linear ridges. 
Silurian. Ex. D. browniana, Llandovery. 

Aptychopsis. Similar to the last, but carapace divided into 
two parts by a median suture which starts from the rostral 
notch. Silurian. Ex. A. lapworthi, Llandovery. 

Distribution of the Leptostraca 

The Leptostraca are all marine, and live mainly in shallow 
water or at moderate depths. In Britain the earliest repre- 
sentative is HymenocariSy found in the Lingula Flags; 
Ceratiocaris appears in the Tremadoc Beds, but is most 
abundant in the Silurian. Caryocaris is characteristic of the 
Arenig Rocks. Aptychopsis and Discinocaris occur in the 
Silurian. Echinocaris and Nahecaris are found in the 
Devonian ; Dithyrocaris in the Carboniferous ; and Paulocaris 
in the Permian. Aspidocaris (similar to Discinocaris), and 
Austriocaris have been recorded from the Trias. 

ORDER II. SYNCARIDA 

The Syncarida are a small group of primitive Malacostraca, 
the living representatives of which are found in fresh water 
in Tasmania, Victoria and Europe, and belong to four 
genera of which the best known is Anaspides (fig. 199). 
The body is elongated and without a carapace, and is 
remarkable for the fact that all the thoracic segments are 
distinct, but the first is fused with the head. All the thoracic 
legs are similar in general character, and all, except the last 
one or two, are biramous; their coxopodites bear externally 
two rows of plate-like gills (fig. 172, ep), but these have not- 
been found in fossil specimens. The abdomen is large, and 
the first five pairs of appendages consist of long, many- 
jointed exopodites and small endopodites; the appendages 
of the sixth segment form with the telson a tail-fan. 
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Fossil representatives of the Syncarida, elosely resembling 
the living forms, are found in the Carboniferous and Permian 
deposits; the genera Palceocaris ( Praianaspides) and Acitn- 
thotehon occur in the former, and Uronectes (— Gampsonyx) 
in the latter. The principal feature in which Palceocaris 
differs from the living Anaspides is in the short, wedge- 
shaped first thoracic segment which is bounded in front by 
a groove. 




Fig. 199. Anaspides lasmanke. Recent. Tasmania, c.gr. i cervical groove * ; 
If, viii, second and eighth thoracic somites; 1, 6, first and sixth abdominal 
somites, x 3. (From Woodward, 1908.) 



ORDER III. PERACARIDA 

The Peracarida are Crustacea in which a carapace may or 
may not be present, but when present it leaves not less than 
four of the thoracic segments free. The first thoracic segment 
is always fused with the head. The eyes may be either 
stalked or sessile. In the female a brood-pouch (fig. 200, bd.p.), 
for the protection of the eggs and the young, is formed by 
overlapping plates known as oostegites which are attached 
to the basal part (coxopodite) of some or all of the thoracic 
limbs. The Peracarida are divided into (1) Mysidacea, 
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(2) Cumacea, (3) Tanaidacea, (4) Isopoda, (5) Amphipoda. 
Of these sub -orders the Cumacea and Tanaidacea are not 
known as fossils. 



SUB-ORDER I. MYSIDACEA 

A carapace is present and covers the greater part of the 
thorax (fig. 200), but does not coalesce dorsally with more 
than three of the thoracic segments, so that at least five 




Fig. 200. Mysis relicta, Recent, bd.p. brood pouch; md.gr. mandibular 
groove; sta. statocyst. (After Sars.) 

segments remain free. The eyes, when present, are stalked. 
The thoracic limbs, except sometimes the first and second 
pairs, are biramous, the exopodites being used in swimming; 
the first and second pairs of these limbs are modified as 
maxillipedes. A tail-fan is formed by the lamellar appen- 
dages of the last abdominal segment. 

Living Mysidacea, with a few exceptions, are marine, and 
many of them are pelagic. The fossil forms which have been 
referred to this group are found mainly in the Carboniferous 
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rocks, especially in the south of Scotland where they are 
sometimes numerous ; the principal genera are Pygocephalus, 
Anthrapalcemon, Pseudogalathea, Crangopsis (fig. 201), and 
Tealliocaris. Schimperella from the Trias, Dollocaris and 
Kilianicaris from the Callovian, and Francocaris from the 
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Fig. 201. Crangopsis socialis, Carboniferous. (After Peach.) a 1 , antennule : 
a 2, antenna; e, eye; en, endopodite of thoracic leg; ex, exopodite; pl t fifth 
abdominal leg; t, telson; w, uropod; 1, first abdominal segment, xlj. 

Portlandian probably belong to the Mysidacea, but no 
representatives of the group have yet been found in later 
deposits. The only fossil form in which the brood-pouch has 
been discovered is Pygocephalus. In the Upper Devonian 
Palceopalcemon is found, and may belong to this group. 

SUB-ORDER IV. I80P0DA 

In the Isopods (fig. 202) the body is usually flattened dorso- 
ventrally. There is no carapace, but the first thoracic seg- 
ment (occasionally also the second) is fused with the head. 
The eyes are sessile. The thoracic appendages are without 
exopodites; the first pair are maxillipedes, the other seven 
are walking legs and are sometimes similar in size and form — 
hence the name Isopoda. The abdomen is often short, and 
usually some or all of its segments are fused together and 
with the telson. There is no tail-fan. Some of the abdominal 
appendages function as gills. 
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Many Isopods are marine, but some are found in fresh 
water, whilst a. few live on land (e.g. the wood-louse, Oniscus 
asellus). Many forms are parasitic and infest 
fish and Crustacea. 

Fossil Isopods are rare. Some Palaeozoic 
forms (such as Oxyuropoda and Prcearcturus 
from the Old Red Sandstone) have been 
referred to this group, but their systematic Fi 2 Q2 Archmo- 
position is doubtful. Undoubted examples niscu* brodiei y from 
of this Order are found in Mesozoic and j* e h ^ r ^ c ^ d8, 
later formations. Phreatoicus, a fresh -water 
Isopod living in Australia, New Zealand and South Africa, 
has been found in the Trias of Queensland. Other fossil 
forms are Cyclosphceroma in the Great OoHte and Purbeck- 
ian; Urda from the Solenhofen Limestone and Gault; 
Archceoniscus (fig. 202) in the Purbeckian ; Palcega in the Lias, 
the Middle Jurassic, the Cambridge Greensand, the Lower 
Chalk and foreign Tertiary ; and Eosphceroma in the Oligocene 
of the Isle of Wight. 



SUB-ORDER V. AMPHIPODA 

The Amphipoda (e.g. Gammarus, Talitrus) are usually of 
small size, and generally the body is compressed from side 
to side. Just as in the Isopods, there is no carapace, and the 
first thoracic segment (sometimes also the second) fuses with 
the head. The thoracic appendages have no exopodites; the 
first pair are maxillipedes ; the appendages of the seven free 
segments bear the gills, and are divisible into an anterior 
group of four in which the terminal parts of the legs are 
directed backwards, and a posterior group of three in which 
the terminal parts are directed forward. The abdomen is 
usually elongated and carries six pairs of appendages ; the 
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three anterior serve for swimming, the three posterior for 
jumping. The eyes are sessile. 

Some of the Amphipods are marine, others live in fresh 
water. The marine forms have a wide distribution, and are 
very numerous, especially in shallow water, and in Arctic 
and Antarctic seas. 

Fossil Amphipods are very rare. A few Arthropods from 
Palaeozoic formations have been referred to this group, but 
their systematic position is uncertain. Undoubtedly Amphi- 
pods are found in the Tertiary formations and belong mainly 
to genera which are still existing (e.g. Gammarus from the 

Miocene). 

ORDER IV. EUCARIDA 

The carapace fuses dorsally with the thoracic segments. 
The eyes are stalked. There is no brood-pouch. The Eucarida 
are divided into two sub-orders, (1) the Euphausiacea, 
(2) the Decapoda. The first is not known fossil. 

SUB-ORDER II. DECAPODA 

The Decapoda include lobsters (fig. 203), crayfishes, crabs, 
etc. The carapace (a-c) is large and well developed, and 
covers all the segments of the thorax (b-c); frequently 
it is marked out into an anterior and a posterior portion 
by a transverse groove — the cervical sulcus (b). The carapace 
is often produced in front into a rostrum (a). The gills are 
connected with the bases of the thoracic appendages and 
to the lateral walls of the thoracic segments, and are placed 
in a chamber on each side of the thorax formed by the 
downward prolongation of the carapace. The appendages 
on the head are (1) antennules, (2) antennae, (3) mandibles, 
(4, 5) maxillaa; the last three pairs serve as jaws. On the 
thorax the first three pairs of limbs are modified as maxilli- 
pedes; the posterior five pairs (k-o) are the ambulatory 
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limbs or perceopods, which, in most cases, are uniramous 
owing to the absence of the exopodite ; they consist of seven 
joints, and, commonly, some of them terminate in pincers 
or chelce. The name 'Decapoda', is taken from these five 
pairs of ambulatory legs. The abdomen bears six, or fewer, 
pairs of appendages ; the last pair (the uropods, / ) are often 
flattened and form with the telson (e) a tail-fan. Th8 eyes 
are compound and stalked. Most of the Decapod Crustacea 
are marine, the larger number living in shallow water ; but 
b_ 

b 
1 
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Fig. 203. Glyphea regleyana, Oxfordian. a, rostrum; ar-c, cephalothorax; 
6, cervical sulcus; c-e, abdomen; d, sixth abdominal segment; e y telson; 
/, appendage (uropod) of sixth abdominal segment; g> eye; h-o, appen- 
dages of cephalothorax; k-o, ambulatory limbs (perseopods). x § . 

some groups are found in fresh water, and others (some of 
the Anomura and Brachyura) have become terrestrial in 
habit. The earliest undoubted representatives of the Deca- 
poda are found in the Trias. 

The Decapoda may be divided into two sections: (1) the 
Natantia, (2) the Reptantia. 

Section 1. Natantia 

The body is usually compressed laterally, and a rostrum, 
which is usually compressed and serrated, is present. The 
thoracic legs are slender, but one of the first three pairs 
may be enlarged, and exopodites are sometimes present. 
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The first segment of the abdomen is not much smaller than 
the others; the abdominal appendages are well developed 
and used for swimming. 

The Natantia are found first in the Trias, and become 
more abundant in the Jurassic; a few forms have been 




Fig. 204. jEger tipularius, Solenhofen Limestone (Lower Portlandian). 
rtl, antennules; a 2, antennae; e, eye; mp, third maxillipede; 1-5, first to 
fifth thoracic legs; pi, first abdominal leg (pleopod); r, rostrum; /, telson; 
u, uropod. (After Oppel.) x \. 

found in later deposits. Some of the Jurassic representa- 
tives of the group agree closely with the recent genus 
Penceus. Mger appears to be a primitive type of the group 
to which the living form Stenopus belongs. 

M&er (fig. 204). Body laterally compressed. Cervical and 
post-cervical sulci distinct. Rostrum long, with small tubercles. 
Antennules nearly as stout, but not so long as the antennae. 
Last maxillipedes long, with rows of spines. First three pairs 
of legs with chelae, the third pair longer than the others; the 
fourth and fifth pairs slender and flattened, without chelae. 
Abdomen long; Telson pointed. Trias and Jurassic. Ex. JE. tipu- 
larius, Solenhofen Limestone (Upper Jurassic). 
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Section 2. Eeptantia 

The body is generally depressed ; the rostrum is often absent, 
but when present is usually small and depressed. The thoracic 
legs are stout and without exopodites; the first pair are 
usually much larger than the others. The first segment of the 
abdomen is smaller than the others, and the first five 
abdominal legs are small and not used for swimming. This 
section appears first in the Trias, and is divided into four 
groups, (1) the Palinura, (2) the Astacura, (3) the Anomura, 
(4) the Brachyura. 

1 . Palinura 

The carapace is fused at the sides with the epistome (the 
region between the front of the mouth and the anterior 
margin of the carapace). The abdomen is large, well plated, 
with well-developed pleura and a broad tail-fan (macrurous) . 
The exopodites of the last pair of abdominal appendages 
(uropods) are not usually divided by a distinct suture. 

Eryon, found mainly in the Jurassic, lived in shallow 
water and possessed eyes; whereas the living forms (Poly- 
cheles, etc.) allied to it are blind and are found in deep water. 
Another group is represented by Glyphea and its allies, in 
which the thoracic legs are either not chelate or only im- 
perfectly chelate; of this group Litogaster and Pemphix 
are found in the Trias; Glyphea, Pseudoglyphea and Meco- 
chirus in the Jurassic ; Meyeria and Glyphea in the Cretaceous 

Eryon (fig. 205). Cephalothorax flattened, usually broader 
than long, with a median dorsal ridge on the posterior part; 
the lateral margins usually dentate, and at the anterior third 
are two deep notches. Cervical sulcus usually indistinct or 
absent. Rostrum short. The first four pairs of legs bear chelae, 
the anterior pair being larger than the others. Abdomen of 
about the same length as the cephalothorax; the first segment 
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very short. Telson trigonal. Jurassic, and rarely Lower Creta- 
ceous. Ex. E. arctiformis, Solenhofen Limestone. Coleia is 
similar to Eryon, but the exopodites of the sixth abdominal 
appendages are divided by a suture. Lias. Ex. C. antiqua, 

Glyphea (fig. 203 ). Cephalothorax ornamented with tubercles 
or granules, with a median dorsal suture; rostrum short. In 




Fig. 205. Eryon arctiformis, Solenhofen Limestone (Upper Jurassic). 
(From Nicholson.) Natural size. 

front of the deep cervical sulcus are several spiny or tuberculate 
parallel ridges which extend towards the anterior margin. 
Posterior to the cervical sulcus are two oblique grooves which 
meet on the dorsal surface and bound a triangular lobe. Anten- 
nules nearly as long as the cephalothorax; antennae much longer. 
The anterior pair of legs are much longer and stouter than the 
others; all are without chelae. Abdomen long. Lias (perhaps 
Trias) to Lower Eocene; mainly Jurassic. Ex. O. regleyana, 
Oxfordian; Q. rostrata, Corallian. 
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Mecochirus (fig. 206). Carapace thin; rostrum short. 
Cervical sulcus deep, extending obliquely forward from the 
dorsal line. Antennae as long or longer than the entire body. 
Legs not chelate; the first pair greatly elongated. Jurassic. 
Ex. M . longimanu8, Solenhofen Limestone. 




Fig. 206. Mecochirus longimanus, Solenhofen Limestone (Upper 
Jurassic). (From Nicholson, after Oppel.) x J. 




Fig. 207. Meyeria ornata, Speeton Clay. Natural Size. 



Meyeria (fig. 207). Cephalothorax laterally compressed, 
with a sharp rostrum, and a deep, oblique cervical sulcus. In 
front of the cervical sulcus a median aorsal carina, and three 
carinse on each side. The sides of the carapace covered with 
sharp granules. Behind the cervical sulcus are two faintly- 
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marked oblique furrows on the sides of the carapace. Ambu- 
latory legs slender, the first very long. Abdomen semi -cylindrical, 
longer than the cephalo thorax, and ornamented with trans- 
verse or longitudinal rows of granules. Lower Cretaceous. Ex. M. 
ornata, M. magna. 

2. Astacura 

This includes the true lobsters and crayfishes. The carapace 
is not fused with the epistome. The abdomen is macrurous as 
in the Palinura. The exopoditesof the last abdominal append- 
ages (uropods) are divided by a suture. The first three pairs of 
thoracic legs are chelate, the first pair being much enlarged. 
The Astacura appear first in the Trias (Clytiopsis) . The 
principal Jurassic form is Eryma. Enoploclytia and Homarus 
are common in the Cretaceous, and the latter is also found 
in the Eocene. 

Eryma. Body cylindrical. Cephalothorax covered with 
granules, with a median dorsal suture which divides into two 
on the cephalic region and limits a narrow fusiform area. 
Cervical sulcus deep; rostrum pointed. Behind the cervical 
sulcus are two nearly parallel grooves which unite at the sides. 
The three anterior pairs of legs with chelae, the first pair being 
very large, the others small. Telson undivided. Lias to Lower 
Cretaceous. Ex. E. leptodactylina, Solenhofen Limestone; 
E. bedelta ( = elegans), Great Oolite, etc. 

Enoploclytia. Body large, long, narrow; surface roughened 
with granules and tubercles. Cephalothorax elevated, narrowing 
in front, with a long dentate rostrum. Behind the deep cervical 
sulcus are one or two nearly parallel furrows, from which lateral 
branches pass to the cervical sulcus. First pair of legs very 
strong, with large chelae having teeth on the inside of the fixed 
part; second and third pairs of legs slender, also with chelae. 
Telson large, subtrigonal. Upper Jurassic to Cretaceous; 
mainly Chalk. Ex. E. leachi, Chalk. 

Homarus (= Hoploparia). Body elongate, slightly com- 
pressed laterally. Carapace covered with fine granules. Rostrum 
very narrow, long, sharp and dentate. Post-cervical sulcus 
deep, not reaching the margins of the carapace; the lower 
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part of the cervical sulcus is present and is joined by two other 
short sulci, together forming a A-shaped groove. The first pair 
of legs very long, provided with large chelae. Abdomen sub- 
cylindrical. Lower Cretaceous to present day. Ex. H. longi- 
manus, Lower Greensand. 

3. Anomura 

The abdomen is generally soft or bent upon itself; its pleura 
are small or absent, and the tail-fan is often reduced. This 
group includes, amongst other forms, the hermit-crabs; it 
has but few fossil representatives, the principal genus being 
Gallianassa which ranges from the Upper Jurassic to the 
present day and is common in the Tertiary. 




db 
Fig, 208. Xanthopsia dufourii, Eocene, ep, epistome; o, orbit; m % third 
maxillipede; p> first thoracic leg (cheliped); ob, abdomen. (After Milne- 
Edwards.) x $ . 

4. Br achy ura 

This group includes the crabs. The abdomen is short and 
small (fig. 208, ab)\ it is bent up underneath the thorax, 
and bears from one to four pairs of appendages, but is 
usually without a tail- fan. The cephalo thorax is broad. The 
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carapace is fused with the epistome at the sides and usually 
also in front. The first pair of thoracic legs are always chelate. 





Fig. 209. Eocarcinus precursor, Lower Lias. A, reconstruction; missing 
parts indicated by dotted lines, cr, antenna; e, eye-stalk. 1-5, thoracic 
legs. B, side-view of carapace. Natural size. (After Withers.) 

The earliest representative of the Brachyura is Eocarcinus 
from the Lower Lias (fig. 209). It belongs to the Dromiacea 
— the most primitive group of crabs, in which the abdomen is 
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much less reduced than in other forms, and is either not bent or 
only partly bent under the cephalothorax, and the uropods are 
sometimes retained ; in these respects the Dromiacea approach 
the macrurous Crustacea. All the Jurassic crabs belong to 
this primitive group. The grooves on the carapace of Eocarci- 
nus closely resemble those of the Triassic genus Pseudopemphix 
— a macrurous form of the Glypheid type. This resemblance 
points to the derivation of the Brachyura from the macrurous 
Crustacea of the Trias. Other genera found in the Jurassic 
are Prosopon (including Protocarcinus) and Pithonoton. 

In the Cretaceous the Brachyura become more abundant 
and are represented by Prosopon, Diaulax, Notopocorystes, 
Necrocarcinus and several other genera. In the Eocene 
numerous forms occur, Xanthopsis and Dromilites being 
common in England. The Raninidie, which begin in the 
Upper Cretaceous and become more abundant in later times, 
are believed by Bourne to have originated from the Astacura. 
The Brachyura attain their maximum at the present day. 

Dromilites. Carapace oval or rounded, very convex, with 
the entire surface punctate; anterior part with pointed eleva- 
tions, posterior third with irregular ridges; divided into regions 
by two transverse grooves. Rostrum short, triangular. Orbital 
notches (in which the eyes rest) are very deep. First pair of legs 
strong, with large chelae; second and third pairs short; fourth 
and fifth slender. Abdomen of six segments and a telson in both 
sexes. Eocene to present day. Ex. D. lamarcki, London Clay. 

Notopocorystes ( = Palceocorystes). Carapace much longer 
than broad, tapering posteriorly, anterior border not dentate; 
rostrum short. Orbital notches large with two small fissures. 
Cervical sulcus well defined. The five anterior segments of the 
abdomen short, the sixth quadrangular. Gault and Eocene. 
Ex. P. stokesi, Gault. 

Necrocarcinus. Carapace rounded, separated into regions 
by distinct grooves, ornamented with a few prominent tubercles. 
Rostrum triangular. Orbital notches rounded, open above, with 
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two small fissures. Gault to Chalk. Ex. iV. bechei, Cambridge 
Greensand. 

Xanthopsis (fig. 208). Carapace rounded, convex, surface 
punctate, the posterior portion with rounded elevations; the 
frontal border with four, and the anterior laterals with one to 
three, tooth-like processes. Orbital notches deep, without 
fissures. Chelae unequal. Abdomen of the male narrow and 
formed of four segments and a telson. Abdomen of female broad, 
composed of six segments and a telson. Eocene. Ex. X. leachi, 
London Clay. 

ORDER V. HOPLOCARIDA 

This includes one sub-order only. 

SUB-ORDER. STOMATOPODA 
In the Stomatopods (fig. 210) the body is long, and flattened 
dorso-ventrally; the carapace is 
short and does not cover the four 
posterior thoracic segments. At 
the front of the head there are 
two small, movable segments 
which are not covered by the 
carapace; the first bears the 
stalked eyes, the second bears 
the antennules. A rostral plate 
is articulated to the front of the 
cephalothoracic shield. The five 
anterior pairs of thoracic ap- 
pendages have no exopodites 
and are directed forwards as 
maxillipedes ; the three posterior 
pairs are slender biramous legs 
and are directed downwards . The 
abdomen is much larger than the 
anterior portion of the body; its Fig 210 8quilUrmnti8y Kecent> 
five anterior appendages bear (From Nicholson.) x J. 
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gills, and the sixth pair form with the broad telson a strong 
tail -fan. 

Squilla (fig. 210) is the best known genus of this sub-order. 
All the forms are marine and live in shallow water. The 
Stomatopods are very rare as fossils. Squillites from the 
Carboniferous of Montana is probably an example of this 
group. The genus Sculda occurs in the Solenhofen Lime- 
stone, and Squilla has been found in the Chalk of Lebanon 
and Westphalia, and in some of the Eocene formations 
(London Clay, etc.). 

CLASS III. MYRIAPODA 

The Myriapoda include the millipedes, centipedes, and allied 
forms. The body consists of a distinctly- marked head, fol- 
lowed by segments which are usually numerous and similar 
in form, so that, externally, the limits of the thorax and 
abdomen cannot be defined. The head bears one pair of 
antennae; and also mandibles and maxillae. The segments 
behind the head (except the last) bear in some cases one, 
in others two, pairs of legs each; in the latter the segments 
are really double. The Myriapods breathe by means of 
tracheae. Fossil representatives of this class are rare. 

The two principal Orders are: (1) the Diplopoda, or milli- 
pedes, in which the body is usually more or less cylindrical. 
The trunk consists of an anterior region of four single seg- 
ments, and a posterior region of double segments each of 
which bears two pairs of legs. Representatives of some of 
the living families occur in the amber found in the Oligocene 
Beds of Prussia and in other Tertiary deposits, Julus being 
found as far back as the Eocene. 

The Palaeozoic genera differ from the later representatives 
and are regarded as constituting two extinct groups which 
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are confined to the Palaeozoic formations. The earliest 
examples are found in the Upper Silurian of Lanarkshire 
and belong to the genus Archidesmus. In the Old Red 
Sandstone of Scotland Kampecaris and Archidesmus occur. 
A larger number of forms (Xylobius, Euphoberia, Anthraco- 
desmus) are found in the Carboniferous and Permian rocks. 
(2) The Chilopoda or centipedes. The body is flattened 
dorso-ventrally, and each segment bears a single pair of 
legs. The earliest forms occur in the Coal Measures, and 
modern families are represented in the Oligocene amber and 
in some other Tertiary deposits. 

CLASS IV. INSECTA 

The body of an insect can be separated into head, thorax, 
and abdomen. The head is formed of six fused segments; 
it bears four pairs of appendages — one pair of antennae, one 
of mandibles, and two of maxillae. In the thorax there are 
three segments, each bearing one pair of legs; the second 
and third segments usually carry a pair of wings on their 
dorsal surfaces. The abdomen is composed of several (com- 
monly eleven) segments, and is usually without appendages. 
Insects breathe by means of tracheae. 

The only record of Insects from the Devonian are a few 
small specimens from the Rhynie chert (Old Red Sandstone) 
which are believed to be Collembola (Apterygota). But in 
the Coal Measures and in the Permian the group is repre- 
sented by a considerable variety of forms. Remains of 
insects have been found at many horizons in the Mesozoic 
and Cainozoic formations ; in England they are not uncom- 
mon in the Lias, the Stonesfield Slate, the Purbeck, the 
Wealden, and the Bembridge Beds. They are well represented 
in the Solenhofen Limestone (Upper Jurassic) of Bavaria, 
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in the Miocene of Oeningen in Switzerland and of Florissant 
in Colorado, and in the amber from the Oligocene Beds of 
Prussia. 

The Insects found in the Palaeozoic formations appear to 
be more generalised than the later forms, and the majority 
are referred to Orders distinct from those found in Mesozoic 
and later periods. 

The Insecta include an enormous number of forms, and 
the specimens found fossil are often imperfectly preserved, 
so that nothing more than a brief sketch of the distribution 
of the chief groups can be attempted here. 

Apterygota. The fossil examples of this group (which con- 
tains small wingless insects) are found mainly in amber from 
the Oligocene of Prussia, and include several species of 
Lepisma (the silver- fish) and Machilis. Ehyniella from the 
Old Red Sandstone may belong to this group. 

The Palceodictyoptera are confined to the Carboniferous 
<md Permian, and show primitive and generalised characters ; 
they are believed to be the ancestors of the other groups 
of winged insects. 

Orthoptera. In the Coal Measures and Permian the cock- 
roaches (Blattidse) are well represented, and the group is 
fairly common in the Jurassic; the Tertiary forms occur 
mainly in the Oligocene amber and are all modern types. 
The Mantidae ('soothsayers') are found in the Oligocene, 
and forerunners of this group occur in the Permian and 
Lias ; the Phasmidse (leaf and stick insects) are present in 
the Upper Jurassic and Tertiary deposits. The Locus tidae 
(locusts) are represented in the Lias, in the Upper Jurassic 
of Solenhofen, and in the Miocene of Oeningen and Florissant. 
The Gryllidse (crickets) occur in the Jurassic, the Eocene, 
the Oligocene amber, and in the Miocene. 
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Protorthoptera. Orthopterous insects are found in the Coal 
Measures and. the Permian, but since they show characters 
which connect them with both the Palaeodictyoptera and 
the true Orthoptera they are regarded as constituting a 
separate group — the Protorthoptera. 

Dermaptera. The Forficulidae (earwigs) appear first in the 
Eocene, and examples have been found in the Oligocene 
amber and in the Miocene, but they are not common. 

The Isoptera or Termitidaa (white ants) have been found 
in the Eocene, Oligocene and Miocene. 

The Ephemeroptera (Ephemeridae), known as may -flies, 
are represented in the Permian, the Jurassic, the Oligocene 
amber and in the Miocene of Colorado. 

The Odonata (dragon -flies) occur first in the Permian and 
are also found in Lower Lias, the Stonesfield Slate and the 
Solenhofen Limestone; in the Eocene and Miocene more 
advanced types predominate. 

Protodonata. Forerunners of the dragon -flies are present 
in the Coal Measuies, the Permian and the Trias, and appear 
to be intermediate in character between the true dragon- 
flies and the extinct Palaeodictyoptera. Some members of 
the group attain a very large size. 

Hemiptera. Insects allied to the Hemiptera, but more 
generalised in character, are found in the Permian (Proto- 
hemiptera). Forms which can be definitely assigned to this 
Order appear in the Lias; whilst in the Tertiary deposits 
most of the modern families are represented. Examples of 
the Aphidae (plant lice) are common in the Eocene, Oligocene 
and Miocene. Fulgoridae are found in the Lias, the Purbeck 
Beds and in the Tertiary. Notonectidae (water-boatmen) 
appear in the Upper Jurassic, and also occur in the Oligo- 
cene and Miocene. 

Neuroptera (lace -wing flies, etc.) are found first in the 
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Permian and are also represented in the Lias and the Upper 
Jurassic. Examples belonging to modern families occur in 
Tertiary deposits. 

Trichoptera (caddis-flies) are represented by primitive 
types in the Lias and Pur beck Beds. Genera belonging to 
modern groups are found in the Eocene of Wyoming, the 
Oligocene amber, and in the Miocene of Colorado. 

Lepidoptera. Butterflies and moths are very rare as fossils. 
A few occur in the Middle and Upper Jurassic rocks, e.g. 
Palceontina oolitica from the Stonesfield Slate. The Order is 
better represented, although still uncommon, in the Tertiary 
Beds ; examples have been found in the Oligocene of the Isle 
of Wight, the Oligocene amber of the Baltic, and in the 
Miocene of Colorado. 

The Coleoptera (beetles) first appear in the Permian : they 
are more numerous in the Trias and Upper Jurassic, and 
are well represented in some of the Tertiary Beds. Examples 
have been found in the Lias, the Stonesfield Slate, the Solen- 
hofen Limestone, the Purbeck Beds, the Lower Chalk of 
Bohemia, the Oligocene amber, and in the Miocene of 
Oeningen and Colorado. 

The Diptera include flies, fleas, gnats, and mosquitoes. 
A few forms are found in the Lias, the Solenhofen Lime- 
stone, and the Purbeck Beds; the Order is represented in 
Tertiary deposits by numerous forms belonging to modern 
families. Forerunners of this group are found in the Permian 
and Trias. 

The Hymenoptera include ants, bees, wasps, saw-flies, etc. 
The earliest examples are found in the Jurassic (Solenhofen 
Limestone and Purbeck beds), and the Order shows a con- 
siderable development in the Cretaceous. A large number 
of forms are met with in the Tertiary, where most of the 
important modern families are represented. Ants, wasps 
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and bees are common in the Miocene of Colorado ; saw-flies 
in the Oligocene amber, etc. Hymenoptera have been found 
in the Oligocene of the Isle of Wight. Insects allied to this 
group occur in the Permian (Protohymenoptera). 

CLASS V. ARACHNIDA 

Scorpions (fig. 220), spiders, and mites are common forms 
of the Arachnida. In the members of this Class the anterior 
segments of the body are fused together, forming a prosoma 
or cephalothorax which is covered by a carapace. This 
region usually bears six pairs of appendages, of which one 
pair is in front of the mouth. Antennae are absent, and no 
pair of appendages is modified to serve exclusively as jaws. 
The first pair, known as chelicerce, are pre-oral; the second 
pair, the pedipalps, are behind the mouth and serve partly 
as jaws; the four remaining pairs are long limbs, used for 
locomotion and to some extent as jaws. The trunk may or 
may not be segmented ; in some groups it is divided into 
an anterior and a posterior region (mesosoma and metasoma), 
each of which consists typically of six segments. The first 
segment of the mesosoma bears the genital pore. The 
metasoma bears no appendages, and those on the mesosoma 
are never in the form of locomotory limbs, but are con- 
nected with respiration; in the primitive aquatic arachnids 
they are plate-like and bear lamellar gills ; in the terrestrial 
forms the gills are replaced by lung- books or by tracheae. 

The Arachnida are divided into two sub- classes: (1) Mero- 
stomata, (2) Euaraehnida. 
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SUB-CLASS I. MEROSTOMATA 

The Merostomata are aquatic Arachnids which breathe by 
means of gills borne on the plate -like appendages of the 
mesosoma. There are two Orders: (1) Xiphosura, (2) Euryp- 
terida. 

ORDER I. XIPHOSURA 

The only living representative of the Xiphosura is the king- 
crab, Limulus (figs. 211, 212), found on the eastern shores of 
North America and Asia, and in the Malay Archipelago and 
the Indian Ocean. The body of Limulus is covered by a 
chitinous exoskeleton, and consists of the prosoma (figs. 
211 A; 212,1), and the trunk or opisthosoma (figs. 211 B; 
212, 2), formed of the mesosoma and metasoma fused to- 
gether. At the end of the body, behind the anus, is a long, 
movable tail-spine (fig. 212, 3). 

The prosoma is covered dorsally by a large crescentic 
or nearly semicircular carapace (fig. 211, l), which is very 
convex above and carries on its upper surface two pairs of 
eyes, one compound and lateral (5), the other simple and 
median (4). The large compound eyes are near the middle 
of the lateral parts of the carapace ; the small simple eyes 
are close together in the middle line, near the anterior 
margin. The carapace is continued on to the under surface of 
the prosoma as a marginal rim. The trunk is more or less 
hexagonal in outline and is movably articulated with the 
prosoma; both have two longitudinal furrows on the dorsal 
surface, dividing a narrow axial part from a broad lateral 
portion on each side, thus giving a superficial resemblance 
to a Trilobite. The mesosoma forms the main part of the 
trunk and consists of six fused segments, the segmentation 
being shown by grooves on the dorsal surface, and by the 
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six movable spines borne on each side. The small posterior 
part of the trunk without grooves represents the greatly 
reduced metasoma. 

The prosoma carries six pairs of appendages concealed 
in the concavity of its under surface; the anterior pair 
(fig. 211, l) (chelicerce) only are in front of the mouth and 




Fig. 211. Limulus polyphemud. Recent. Ventral surface. A. cephalo- 
thorax or prosoma; B, trunk (opisthosoma) ; C, portion of the tail-spine. 
1-6, appendages of the prosoma; 1, chelicera; 2-6, ambulatory legs — 
behind the mouth are the small chilaria; 7-12, appendages of the 
mesosoma; 7, genital operculum; 8-12, lamellar appendages bearing 
gills; m, mouth. Reduced. 

are small, three-jointed appendages with chelae. The other 
five pairs (2-6) are the long, six- jointed walking-legs placed 
just behind the mouth ; most of them (except the last pair) 
end in chelae, and their basal joints (except in the sixth pair) 
are spinose and function as gnathobases. Behind the mouth 
are a pair of small unjointed processes, the chilaria, which 
represent the appendages of a pre-genital segment. The 




Fig. 212. Limulus polyphemus, Recent. Dorsal view, 1, carapace covering 
prosoma; 2, trunk shield; 3, tail-spine; 4, median eye; 5, lateral eye. 
(From Shipley and MacBride.) x £. 
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mesosoma carries six pairs of plate-like appendages; the 
anterior pair are united, forming what is known as the 
genital operculum (7), on the posterior surface of which an; 
the genital openings. The operculum covers the remaining 
five pairs oi appendages (8-12), which are not united in the 
middle, and bear on their posterior faces the leaf-like gills, 
of which there may be from 150 to 200 on each appendage 
superposed like the leaves of a book. 

From the account given above it will be seen that Limulus 
resembles the scorpions in several respects. In both, the 
prosoma consists of at least six fused segments, covered 
dorsally by a carapace which bears a pair of median eyes 
and a pair of compound eyes. The mesosoma of Limulus 
differs from that of the scorpions in having the segments 
fused, and the metasoma of the former is much reduced; 
but in both there is a tail-spine behind the anus. The pro- 
soma bears six pairs of appendages which, in both cases, 
are similar in form and position. On the mesosoma the 
genital operculum forms the first pair of appendages; the 
second pair are the pectines of the scorpions, and the first 
pair of plates which bear gills in Limulus. The next four 
segments carry lung-books in the scorpions and gill-books 
in Limulus. The diffeiences between the trunk of Limulus 
and that of the scorpions are, to some extent, bridged over 
by some of the Palaeozoic Xiphosura described below. 

Lirmilus appears first in the Trias; it has been found in 
the Middle Jurassic of Northampton, and is common in the 
Upper Jurassic of Solenhofen in Bavaria, and is also repre- 
sented in the Upper Cretaceous and the Oligocene. In the 
Palaeozoic deposits — from Silurian to Permian — several other 
Xiphosura occur; some of these differ from Limulus in 
having some or all of the trunk segments free, and in some 
cases these segments are clearly separable into mesosoma 
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and metasoma. Thus in Neolimulus and Hemiaspis (fig. 
213 A) all the segments are free, and in the latter they are 
clearly separable into mesosoma and metasoma. In Belinurus 

(B) the segments of the mesosoma are free, but those of 
the metasoma are fused together, Prestwichianella, Euproops 

(C) and Paleolimulus approach Limulus in having all the 
segments of the trunk fused, and the metasoma reduced. 
Those genera in which the trunk segments are free approach 




Fig. 213. A. Hemiaspis Umuloides, Upper Silurian, x J. (After Wood- 
ward.) B, Belinurus reyince, Coal Measures, xlj. (After Woodward.) 
0, blupr oops dance, Carboniferous, x £. (After Packard.) 

both the Eurypterida and the Scorpionida more nearly thar 
does Limulus. Some of the appendages have been found 
in Paleolimulus but in most of the Palaeozoic specimens 
they are not preserved. The examples found in the Coal 
Measures may perhaps have lived in fresh water. 

Belinurus (fig. 213 J^). Form similar to Limulus. Prosoma 
semicircular, with a flat border and long spines from the pos- 
terior angles; median part raised, with compound eyes at the 
sides and median eyes at the front. Mesosoma of five free seg- 
ments, with the lateral parts produced into spines. Metasoma 
small, formed of three fused segments with a long tail -spine. 
Upper Old Red Sandstone and Coal Measures. Ex. B. reginoc. 
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Prestwichianella ( — Prestwichia). Prosoma semicircular, 
continued into spines at the posterior angles ; median raised part 
( 'glabella' ) broad, with the compound eyes at the anterior lateral 
angles. Trunk segments (probably seven) fused, with a flat 
marginal part produced into spines, and a tail-spine. The axial 
part of the trunk is narrow. Coal Measures. Ex. P. rotundata. 

Euproops (fig. 213 C). Similar to Prestwichianella, but the 
median raised part of the prosoma is quadrangular, and the 
compound eyes are more anterior in position. Coal Measures. 
Recorded from the Upper Devonian of Pennsylvania and Per- 
mian of Kansas. Ex. E. dance, Coal Measures. 

Hemiaspis (fig. 213 A). Prosoma semicircular, with spines 
at the external margin and angles ; central part raised. Mesosoma 
of six broad, short, free segments, with the axial part raised; 
metasoma much narrower, of three segments and a pointed 
tail-spine. Silurian. Ex. H. limuloides. 

Bunodes. Similar to Hemiaspis. Prosoma without spines. 
Mesosoma with broad axial part. Metasoma of three or four 
segments, with a long tail : spine. Silurian. Ex. B. lunula. 

Neolimulus. Prosoma very broad, rounded in front, with 
spinose angles; with median eyes and compound lateral eyes. 
Trunk of eight or more free segments, with the axial part 
tapering rapidly backwards; apparently not differentiated into 
mesosoma and metasoma. Silurian. Ex. N, falcatus. 



Distribution of the Xiphosura 

Fossil Xiphosura are rare, except in the Solenhofen Lime- 
stone (Upper Jurassic). The earliest forms which show 
affinities to the Xiphosura are Aglaspis from the Cambrian 
of Wisconsin and Beckwithia from the Cambrian of Utah. 
The chief genera are : 

Silurian. Hemiaspis, Neolimulus, Bunodes, Pseudoniscus. 
Devonian. Belinurus, Protolimulus, Weinbergina. 
Carboniferous. Belinurus, Euproops, Prestwichianella. 
Permian. Euproops and Paleolimulus in Kansas. 
Trias to Oligocene and Recent. Limulus. 
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ORDER II. EURYPTERIDA 

The Eurypterids are found only in the Palaeozoic rocks and 
are remarkable for the large size which they often attain; 
one form (Pterygotus anglicus) reaches a length of six feet 
and is the largest Arthropod known. The Eurypterids have 
a scorpion-like appearance; but, unlike the scorpions, they 
were all aquatic animals. The body is compressed dorso- 
ventrally, and is protected by a chitinous exoskeleton (fig. 
214) which is covered with small scale-like markings. 

The prosoma consists of the six anterior segments fused 
together, and is usually quadrate, semicircular or semi-oval 
in outline. The carapace, which covers the dorsal surface 
of the prosoma, bears a pair of small, simple eyes near its 
centre (fig. 214, e) and a pair of large, compound eyes — one 
at each of the outer front margins (d) or on the dorsal surface 
at some little distance from those margins. 

Behind the prosoma come the twelve free and movable 
segments of the trunk or abdomen. In some genera (fig. 214) 
these segments gradually decrease in width in passing from 
the anterior to the posterior end, but in other cases (fig. 219) 
they are divisible into two groups — the anterior segments 
being short and broad, whilst the posterior are longer and 
narrower. The six anterior segments bear appendages and 
form the mesosoma (fig. 215, i-v; fig. 219, vii-xii); the 
six posterior segments form the metasoma (fig. 215, 7-12; 
fig. 219, xiii-xviii), at the end of which is the post-anal 
tail-plate or spine (g)\ this may be spine-like (fig. 216), 
or triangular, or in the form of an oval plate which may 
be produced into a median spine as in Slimonia (fig. 219), 
or divided at the end into two lobes as in some species 
of Pterygotus (fig. 214). Each segment of the mesosoma 
is covered by a broad, slightly convex dorsal shield (or 
wp 27 
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tergum), and by a ventral cuticle (or sternum), and the 
tergum of each segment overlaps the one next behind. In 




Fig. 214. Dorsal surface of Pterygotus osiliensis, from the Upper Silurian, 
Rootzikiill. c, first pair of appendages (chelicerae) ; d, compound eyes; 
e, simple eyeB; g, tail-plate; 5', sixth pair of appendages of proBoma; 
1-6, segments of the mesosoma; 7-12, segments of the metasoma. 
Reduced. (After Schmidt.) 

the metasoma each segment is surrounded by a continuous 
chitinous sheath. 
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The mouth is in a central position on the under surface 
of the prosoma (figs. 216, 219). In front of the mouth there 




Fig. 215. Ventral surface oiPterygotus osiliensis, from the Upper Silurian, 
Rootzikull. a, epistome; 6, metastoma; c, first pair of appendages 
(chelicerse), consisting of three joints only (not as shown in the figure), 
a long basal joint, and two shorter joints forming the chela; d, compound 
eyes; /, I, genital operculum; g, tail-plate; l'-5', second to sixth pairs of 
appendages; II-V, ventral plate-like appendages of segments 3 to 6 of the 
mesosoma; 7-12, segments of the metasoma. Reduced. (After Schmidt.) 

is one pair of appendages only (fig. 216, l ; 219, l) which end 
in chelae and are usually small; each consists of a basal 

27-2 




Fig. 216. Enryptcrus remipes, Silurian, New York. Restoration of ventral 
surface. 1-6, appendages of prosoma; g, genital operculum; m, meta- 
storaa. (After Ruedemann.) x £. 
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joint (coxa) and two others which form the chela. The other 
five pairs of appendages (fig. 219, ii-vi) are at the sides of 
the elongate mouth and usually increase in size from front to 
back; they consist of from six to eight joints each, and are 
not chelate; they functioned in locomotion, and also in 
mastication since the inner margins of the basal joints (or 
coxse) are provided with tooth -like processes; the posterior 
pair (vi), except in Stylonurus and Mixopterus, are much 
larger than the others and have a very large basal joint. 
Placed just behind the mouth, in the median line, is an oval 
or heart-shaped plate, the metastoma (6), which covers the 
inner parts of the basal joints of the sixth pair of appendages. 
The metastoma represents the pair of chilaria of Limulus 
(p. 412); the presence in some cases of a notch in front, 
and a median longitudinal groove on the surface, supports 
the view that the metastoma originated from a pair of 
appendages. Although attached to the prosoma the meta- 
stoma is believed to represent the appendages of the first 
segment of the mesosoma which is generally of smaller size 
than the other segments (fig. 214, l) 

Just as in Limulus (fig. 211) the carapace is continued on 
to the ventral surface, where it forms a marginal rim or 
' doublure ' which is separated from the dorsal part of the 
carapace by a marginal suture. The rim may be divided into 
two halves by a single suture in front (fig. 217 A); or by a 
pair of sutures which separate a median plate, the epistome 
(B, e), from the lateral parts ; or there may be another suture 
on each side dividing each lateral part into an anterior 
and posterior part (C). 

The six segments of the mesosoma bear on their ventral 
surfaces five pairs of plate-like appendages (fig. 215, i-v; 
fig. 219, vii-xii), each of which overlaps the one behind 
like the tiles on a roof. The first pair of plates form the 
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genital operculum, and are divided in the middle by a 
median process, which often extends beyond the posterior 
margin of the operculum on to the next pair of appendages ; 
the shape and size of the median process differ in the two 
sexes. The genital operculum covers the ventral surfaces 
of both the first and second segments of the mesosoma 
(fig. 219, vii, viii). The other four pairs of appendages 
(fig. 215, ii-v) are attached only near the front margin 
of each segment, and bear leaf-like gills (fig. 219, c) on their 
inner (or dorsal) surfaces. The segments of the metasoma 




ABC 

Fig. 217. Part of ventral surface of the prosoma showing the marginal 
rim or 'doublure'. A, Eurypterm. B, Pterygotus. C, Hughmilleria. 
a, b t sutures; e, epistome. Reduced. (After Stormer.) 

(figs. 215, 7-12; 219, xiv-xvtn) are protected by continuous 
chitinous rings and bear no appendages. 

In the larval stages (fig. 218) the prosoma is relatively 
larger than in the adult owing to the fact that all the trunk 
segments are not yet developed. There is no clear distinction 
between mesosoma and metasoma, and in this respect the 
young forms agree with the adults of the more primitive 
types of Eurypterids. The large size of the compound eyes, 
and the prominence of the ocelli (fig. 218 B) are probably 
adaptations for planktonic life. 

In many respects the Eurypterids resemble the Scorpions. 
The number of segments in each of the three regions of 
the body is the same, and the two pairs of eyes are similar 
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in character and position. In both Eurypterids and Scor- 
pions the prosoma bears six pairs of appendages, of which 
the first are pre-oral and chelate, and the remaining five 
agree in position and in general form ; but in the Eurypterids 
the number of joints in the walking legs varies, and the basal 
segments of all serve as jaws, whereas in the Scorpions the 
last two pairs function only in locomotion; also in the 
Eurypterids the last leg and the genital operculum are much 




Fig. 218. Young stages of Eurypterids, Silurian. A, B, Eurypterus maria; 
A, x 6; B, prosoma, x 12; C, Stylonurus myops, x 20. (After Ruedemann.) 



larger relatively than in the Scorpions. One of the charac- 
teristic features of the Eurypterids is the large metastoma. 
The pectines are absent in the Eurypterids, except perhaps 
in Glyptoscorpius from the Carboniferous. The lung- books 
of the Scorpions are represented by the leaf-like gills of the 
Eurypterids, but the plate-like appendages of the mesosoma 
are absent in the Scorpions. In both groups the segments of 
the metasoma are free and without appendages and at the 
posterior end is a tail-spine. The differences between the 
Eurypterids and recent Scorpions are to some extent bridged 
over by Palceophomis, a Silurian Scorpion (see p. 429). 

The Eurypterids agree in many respects with Limulus. 
The principal points of difference are: (1) only the first 
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pair of appendages are chelate in Eurypterids, whereas in 
Limulus all the walking-legs except the last, and the first 
in the male, may be chelate; (2) the last pair of legs are 
larger in Eurypterids than in Limulus and their basal joints 
assist in mastication; (3) the large, single plate forming the 
metastoma in Eurypterids is represented by the pair of 
small chilaria of Limulus; (4) the second segment of the 
mesosoma in Eurypterids is without appendages and is 
covered by the genital operculum; (5) in the trunk all the 
segments are free in Eurypterids but fused in Limulus, and 
in the latter the metasoma is much reduced — these dif- 
ferences in the trunk, however, are bridged over by the 
Palaeozoic Xiphosura {fig. 213). 

In the Ordovician and Silurian formations Eurypterids 
are found in marine deposits, but in the Old Red Sandstone 
they became adapted for life in brackish water and, in some 
places, in fresh water, and in the Coal Measures they seem 
to have lived in fresh water only. The broad flattened forms, 
with the compound eyes on the dorsal surface, and a tail- 
spine were probably benthonic and able to burrow in mud 
and sand in search of food in the same way that Limulus 
does at the present day. The narrower and more convex 
forms, with relatively smaller prosoma, lateral eyes, stream- 
lined body and broad tail-plate were probably active 
swimmers belonging to the necton. 

Eurypterus (figs. 216, 218 A, B). Prosoma quadrate, the 
anterior angles rounded ; the compound eyes are a little in front 
of the median lateral point on each side. The tail -spine is long, 
narrow, and pointed. The pre -oral appendages are small and 
consist of a basal joint and a chela; the second appendage 
consists of seven joints, the remaining four pairs of eight joints; 
all these five pairs of appendages are without chelae. The second, 
third and. fourth pairs are similar in structure and bear spines ; 
the fifth pair are longer than the preceding and without spines; 
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and the sixth pair are much 
longer and also larger, with 
a large quadrate basal joint. 
The metastoma is oval. The 
median process of the genital 
operculum is short in the 
male, long in the female. 
Ordovician to Permian. Ex. 
E. fischeri, Upper Silurian. 

Stylonurus* General form 
similar to Pterygotus. Second, 
third, and fourth pairs of 
appendages with spines; the 
two posterior pairs very long 
and slender. Compound eyes 
near the middle of the 
prosoma. Tail - spine long, 
pointed. Body sometimes 
nearly 5 feet long. Upper 
Silurian and Old Red Sand- 
stone. Recorded from the 
Ordovician of N ew York. Ex. 
S. powriei, Upper Silurian and 
Old Red Sandstone. 

Pterygotus (figs. 214, 215). 
Prosoma semi -oval, rounded 
in front; the compound eyes 
are at the margins. The tail- 
plate is oval and either bilobed 
or pointed at its extremity. 
The pre -oral appendages are 
long and chelate; the second, 
third, fourth and fifth pairs 
are similar to each other in 
size and structure; the sixth 
pair long and stout. Meta- 
stoma oval. The examples of 
this genus are often of enor- 
mous size, P. anglicus some- 
times reaching a length of 




Fig. 219. Slimonia. Restoration of the 
under surface by M. Laurie. b t meta- 
stoma ; c, leaf- like gills seen through the 
ventral plate-like appendages of the 
mesosoma; g> tail-plate; I-VI, appen- 
dages of the prosoma; VII-XII, seg- 
ments of the mesosoma; XIII-XVIII, 
segments of the metasoma; VII- VIII, 
genital operculum. Reduced. 
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6 feet. Lower Ludlow to Old Red Sandstone. Ordovician of New 
York. Ex. P. anglicus, Old Red Sandstone; P. (Erettopterus) 
bilobus, Upper Silurian. 

Hughmilleria. Of small size. Similar to Pterygotus, but the 
chelicerae, although well developed, are much shorter; second 
to fifth legs with spines; metastoma cordate; eyes not always 
at the margin; tail-plate lanceolate, in this respect approaching 
Eurypterus. Upper Ordovician to Old Red Sandstone. Ex. 
H. socialis, Silurian. 

Slimonia (fig. 219). Prosoma quadrate; the compound eyes 
at the anterior angles. Segments of the mesosoma broader than 
those of the metasoma. The tail -plate is oval, ending in a 
pointed process or spine. Metastoma heart-shaped. The pre- 
oral appendages (chelicerae) are small; the second pair of 
appendages are slender, and composed of six joints; the third, 
fourtn, and fifth pairs have seven joints, and are similar in 
size and form; the sixth pair are longer and have a large retort- 
shaped basal joint. Upper Ludlow and Passage Beds. Ex. 
S, acuminata. Uppermost Silurian. 



Distribution of the Eurypterida 

This Order ranges from the Cambrian to the Permian, but 
is most abundant in the Upper Silurian and the Old Red 
Sandstone. The only form recorded from the Cambrian is the 
imperfectly known Strabops, 1 from Missouri. Although Eury- 
pterids are generally uncommon and poorly preserved in 
the Ordovician several genera have been recognised. Ptery- 
gotus, Hughmilleria, Stylonurus, Mixopterus, and Eurypterus 
begin in the Ordovician and continue into the Silurian, in 
which Slimonia, Drepanopterus and some others appear. In 
the Old Red Sandstone Pterygotus, Slimonia, Stylonurus and 
Eurypterus are the chief forms. In the Carboniferous and 
Permian the number of genera is reduced, the chief being 
Eurypterus. 

1 Perhaps more nearly related to the Xiphosura. 
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SUB-CLASS II. EUARACHNIDA 

The Euarachnids breathe air by means of either pulmonary 
sacs or tracheae, and the mesosoma is without plate-like 
appendages. The principal Orders are: (1) Scorpionida, 
(2) Pedipalpi, (3) Araneida, (4) Pseudoscorpionida, (5) Pha- 
langida, (6) Acarina. 

ORDER I. SCORPIONIDA 

The Scorpions (fig. 220) have a long, narrow body, in which 
three regions are clearly marked. In front, the prosoma or 
cephalothorax consists of six fused segments, covered dor- 
sally by a chitinous carapace which bears a pair of simple 
eyes near its centre, and a group of simple eyes at each of 
the two outer front margins. The middle region of the body — 
the mesosoma or pre-abdomen (7-12) — is formed of six free 
segments, which are short and broad; the chitinous sheath 
of each segment consists of a dorsal plate or tergum and a 
ventral plate or sternum. The posterior portion of the body 
is the metasoma or post-abdomen (13, 14), and is formed of 
six segments, each being encased in a complete chitinous 
cylinder, and all, except the first (13), are narrow; at the 
end of the last segment is the tail-spine (15), which bears 
the poison glands. Tne anal opening is on the last segment. 
The prosoma bears six pairs of appendages: (1) the 
chelicerce (fig. 220, l) are small three-jointed limbs with 
chelae, placed just in front of the mouth; (2) the pedi- 
palps (2) are the largest appendages and are at the sides 
of the mouth; they consist of six joints, ending with chelae, 
and the basal joints function in mastication ; next come four 
pairs of seven- jointed walking legs (3-6) which end in claws, 
instead of chelae; the basal joints of the t^ird and fourth 
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Fig. 220. Ventral view of an Indian Scorpion, Scorpio swammerdami. 
1, chelicera; 2, pedipalp; 3, 4, 5, 6, walking-legs; 7, genital operculum; 
8, pectines; 9, 10, 11, 12, the four right stigmata leading to the lung- 
books; 13, first segment of metasoma; 14, fourth segment of metasoma; 
15, tail -spine. (From Shipley and MacBride.) x f . 



SCORPIONIDA 



429 



pairs assist in mastication. Between the bases of the last 
two pairs of legs, and immediately in front of the genital 
operculum, is a small plate, the metasternite, which represents 
fused sterna corresponding to these limbs. 

On the seventh segment of the body (the first of the 
mesosoma) there is a small rounded plate — the genital 
operculum (fig. 220, 7). The eighth 
segment bears the pectines (8), which 
are tactile organs and consist of a 
stem with a row of short processes 
like the teeth of a comb . On segments 
nine to twelve, there are, in the adult, 
no proper appendages ; but a pair of 
oblique, slit-like openings — the stig- 
mata — occur on each of these seg- 
ments, and lead into pulmonary sacs 
which contain the lung-books. The 
metasoma (segments 13 to 18) has 
no appendages. 

Although this Order is of great 
antiquity, it has but few fossil re- 
presentatives. Palceophonus (fig. 221) f&\ 22L P^ceophonuscale- 
r . . -,._ . , ° _, aonxcus from the Upper 

occurs in the Silurian rocks of Got- Silurian of Lesmahago, 
land and Lanarkshire; Proscorpius Lanarkshire. Restoration 
in the Silurian of North America, ^^f 58 by R ' L 
Eoscorpius, Archceoctonus and An- 

thracoscorpio are found in the Carboniferous. Imperfect 
specimens of scorpions have been obtained from the Trias 
of Warwickshire. One form (Tityus) is known from the 
Oligocene beds. 

In some of its characters Palceophonus (fig. 221) is more 
primitive than later scorpions; the walking legs consist of 
nearly equal-sized joints and seem to be without claws; 
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the basal joints of all these legs could serve to some extent 
as jaws and in this respect resemble the walking legs of 
Limulus and still more those of the Eurypterida. Palceo- 
phonus, unlike later scorpions, seems to have been aquatic, 
since it is found associated with marine fossils, and, more- 
over, stigmata appear to have been absent — probably there- 
fore it breathed by means of branchial lamellae instead of 
lung- books. 

Of the Carboniferous genera some (Archceoctonus, Anthra- 
coscorpio) do not differ in any important respect from living 
forms and appear to have been as highly organised, but 
others {Eobuthus) show some morphological characters not 
found in living scorpions. 



ORDER II. PEDIPALPI 

The Pedipalpi ('whip scorpions', etc.) are represented by 
Geralinura, Protophrynvs and Grceophonus in the Carboni- 
ferous, and by Phrynus in the Tertiary rocks. 

ORDER III. ARANEIDA 

Spiders belonging to the genera Protolycosa, Arthrolycosa, 
etc., are found in the Coal Measures. In the Oligocene — 
especially in the amber of Prussia — a large number of forms 
occur. Others are found in the Eocene of Wyoming, and 
the Miocene of the Florissant, Colorado. 

ORDER IV. PSEUDOSCORPIONIDA (CHERNETIDEA) 

This order includes the * book scorpions ' (Chelifer) and others. 
Various forms, belonging to existing genera, occur in the 
Oligocene amber, e.g. Chelifer, Cherries. 
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ORDER V. PHALANGIDA (OPILIONINA) 

Examples of this Order ('harvest-men', etc.) have been 
found in the Oligocene amber. A few forms found in the 
Carboniferous may belong to this Order. 



ORDER VI. ACARINA 

This Order comprises the mites and ticks. A mite (Protacarus) 
has been found in the Old Red Sandstone (Rhynie chert); 
various forms, belonging chiefly to living genera, occur in 
the Oligocene amber and other Tertiary deposits. 

ORDER VII. ANTHRACOMARTI 

This is an extinct Order, found in the Old Red Sandstone 
(Rhynie chert) and the Carboniferous, and appears to be 
related to the Pedipalpi and Phalangida. The principal 
genera are Brachypyge, Anthracomartu8 y Kreischeria, Eophry- 
nu8, Anthraco8iro. 
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Cardium, 264 
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C atopy gu8, 150 
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Cell, 17 
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Cirri, 161, 190 
Cirripedia, 381 
Cirrus, 282 
Cladocera, 378 
Cladochonus, 86 
Class, 14 
Classification, 14 
Clathrodictyon, 78 
Clavella, 289 
Clavilithes, 289 
Climacograptu8y 72 
Cli8iophyllum t 100 
Clistenterata, 200 
Clonograptu8, 70 
Clymenia, 323 
Clypeaster, 148 
Clypeastrina, 148 
Clypeus, 150 
Clytiopsis, 400 
Cochlocera8, 336 
Cockroaches, 407 
Codaster, 180, 183 
Ccelentera, 62 
Ccelenteron, 52, 53, 79 
Ccelom, 117, 187, 189 
Ccelonautilus, 311 
Cceloptychium, 39 
Ccenenchyma, 87, 106 
Caenograptu8, 71 
Ccenosarc, 53, 55, 58, 87 
Ccenothyris, 216 
Coteia, 398 
Coleolus, 293 
Coleoptera, 409 
Colloid silica, 36, 37 
Collyrite8, 150 
Columella (Corals), 84 

„ (Gasteropoda), 276 
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Columnal, 160 
Columnaria, 94 
Common canal, 57, 60 
Communication-plates, 227 
Compound ambulacral plate 
Concentric operculum. 278 
Conchidium, 209 
Conchiolin, 244 
Conchostraca, 378 
Conical gasteropoda, 279 
Conjugate pores, 135 
Conocardium, 253 
Conocephalites, 368 
Conocoryphe y 368 
Conorbis, 291 
Conotheca, 341 
Continental shelf, 295 
Conularia, 292, 293 
Conulu8, 147 
Conus, 290 
Convergence, 15 
Convolute gasteropoda, 279 
Copepoda, 352 
Coralline zone, 296 
Corallite, 82 
Corallium, 103, 114 
Corallum, 82 
Corals, 79-116 
Corbicula, 261 
Corbula, 267 
Cordiopsis, 265 
Corona, 129, 132 
Corynella, 47 
Cosmoceras, 331 
Cost®, 84 
Counter fossula, 83, 92 

,, septum, 90 
Covering-plates, 163, 175 
Coxopodite, 350, 389, 390 
Crabs, 401 
Crangopsis, 392 
Crania, 203 
Cranidium, 355 
CrassateMa, 260 
Crassatellites, 260 



Crateraster, 124 
Craticularia, 41 
Crayfish, 394, 400 
Crenulate tubercles, 137 
133 Cretiscalpellum, 383 
Cribrilina y 231 
Crickets, 407 
Crinoidea, 159-173 
Crioceras, 333 
Cristellaria, 25 
Crotalocrinus, 168 
Crura, 196 
Crustacea, 349 
Cryptostomata, 230 
Ctenodonta, 249 
Ctenophora, 52 
Ctenostomata, 227 
Cucullcea> 249 
Cumacea, 391 
Cuttle- bone, 339 
Cuttle-fish, 302, 338 
Cyathaxonia, 98 
CyathocrinuSy 168 
Cyathocy8ti8 y 185 
Cybele, 373 
Cyclophyllum y 100 
Cyclopyge, 371 
Cyclosphceroma, 393 
Cyclostomata, 228 
Cyclothyris, 214 
Cyclus, 352 

Cylindrical gasteropoda, 279 
CylindroteuthtSy 343 
Cymdclymenia, 323 
Cymatium, 287 
Cyphosoma, 146 
Cyprcea, 287 
Cypridea, 381 
Cypridina, 381 
Cyprina, 259 
Cypris, 381 
Cyrena, 260 
Cyrtia, 212 
Cyrtoceras, 310 
Cyrtoclymenia, 323 
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Cyrtograptu8, 72 
Cystidea, 173-177 
Cystiphragm, 229 
CystiphyUum, 94 
Cythere, 380 
Cytkerea, 265 

Dactylioceras, 330 
Dactylopores, 75 
Dactyloteuthis, 343 
Dactylozooid, 55, 75 
Dalmanella, 208 
DalmaniteSy 372 
Daphnia, 377 
Decapoda (Cephalopoda), 340 

„ (Crustacea), 394 

Deep sea region, 297 
Deiphon, 373 
Delthyrium, 193 
Deltidium, 193 
Deltoid plates, 179 
Demi -plates, 133 
Demospongise, 42-46 
Dendrocystis, 174 
Dendrograptus, 74 
Dendroid corals, 87 

„ graptolites, 74 
Dendroidea, 74 
DendrophyUia, 86, 116 
Dental plates, 191 
Dentalina, 19 
Dentalium, 302 
Dermal branchiae, 123 

„ layer (sponges), 33 
Dermaptera, 408 
Desmas, 43 
Desmodont, 243 
Desmodonta, 267 
Development of graptolites, 64 

„ of corals, 85, 89 

„ of brachial skeleton, 

197 

„ of ammonoids, 316, 

321 

„ of trilobites, 363 



Devonaster, 128 

Dextral gasteropods, 276 

Diaulax, 403 

Dibranchia, 338-347 

DibunophyUum, 100 

Dicettograptus, 72 

Dicera8, 261 

Dichograptus, 70 

Dicranograptus, 71 

Dicrcloma, 287 

Dictyoconites, 344 

Dictyograptu8, 75 

Dictyonema, 74, 75 

Dictyophyton, 40 

DictyothyriSy 216 

Dicyclic crinoids, 161, 168 

Didymograptus, 70 

Dielasma, 216 

DigoneHa, 217 

Dimorphism, 21 

Dimorphocercw, 318 

Dimorphograptu8, 72 

Dimyaria, 238 

Diploqraptu8i 72 

Diplopoda, 405 

Diplopodia, 146 

Diplopores, 176 

Diplotrypa, 230 

Diprionidian = biserial, 59 

Diptera, 409 

Disc (Asteroidea), 120 
„ (Asterozoa), 119 
„ (Ophiuroidea), 125 

Discina, 202 

Di8cin%8ca t 202 

Dt8cinocari8 f 388 

Di8cite8 t 311 

Di8citocera8, 311 

Discoidal gasteropods, 278 

Disccridea, 148 

Discomedusse, 78 

Dissepiments, 84, 85, 88 

Distal end, 58 

Dithyrocari8, 388 

Divaricator muscles, 195 
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Dollocaris, 392 
Donax, 266 
Dorsal cup, 161 
Doryderma, 45 
Do8inia y 265 
Dragon-flies, 408 
Dromilites, 403 
Durania, 263 
Dysodont, 241 

Ears (Lamellibranchs), 243 
Earwigs, 408 
Ecardines, 200 
EchinobrissuSy 149 
Echinocaris, 389 
Echinoconus, 147 
Echinocorys, 150 
Echinocystis, 154 
Echinoderma, 117-186 
Echinoidea, 129-157 
Echinolampas, 150 
Echinosphcera, 176 
Echinothuria, 136 
Echinus, 147 
Ectobranchiata, 145 
Ectocyst, 225 
Ectoderm, 52, 55, 75, 129 
Ectoprocta, 227 
Edmondia, 270 
Edrioaster, 185 
Edrioasteroidea, 184 
Eleutherozoa, 119 
Emarginula, 281 
Encrinurus, 373 
Encrinus, 170 
Endite, 350 
Endobranchiata, 142 
Endocera8 t 309 
Endoderm, 52 
Endopodite, 350, 361, 389 
Endosiphon, 309 
Endothyra, 25, 28 
Enoploclytia, 400 
Entalophora, 228 
Entocoele, 81 



Entomis, 380 
Entomostraca, 352 
Entoprocta, 227 
Eobalanus, 383 
Eobuthus, 430 
Eocarcinus, 402 
Eocidaris, 154« 
Eolepas, 383 
Eophrynus, 431 
Eoptychia, 283 
Eoscorpius, 429 
Eosphceroma, 393 
Ephemeridse, 408 
Ephemeroptera, 408 
E piaster, 152 

Epistome, 397, 400, 402, 421 
Epitheca, 82, 85 
Epitonium, 284 
Erettopterus, 426 
Eryma, 400 
^ryow, 397 
Erythrospongia, 50 
Escutcheon, 240, 243 
Esther ia, 378 
Euarachnida, 427 
Eucalyptocrinus, 167 
Eucarida, 394 
Eudesia, 217 
Eulamellibranchia, 257 
Euomphalus, 282 
Euphausiaeea, 394 
Euphoberia, 406 
Euproops, 416 
Eurycare, 368 
Eurypterida, 417 
Eurypterus, 424 
Euzonosoma, 127 
Evolution, 11-14 
Excurrent canals, 35 
Exhale nt canals, 35 
Exite, 350 
Exocoele, 81 
Exogyra, 257 

Exopodite, 350, 361, 389, 395 
Exsert oculars, 131 
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Exsert septa, 83 
Eye-line, 357 

Eyes (Cephalopoda), 303, 305, 339 
„ (Crustacea), 351, 377, 380, 
385, 386, 391, 392, 394, 
395, 404 
(Eurypterida), 417 
(Lamellibranchs), 238 
(Scorpions), 427 
(Trilobites), 355 
(Xiphosura), 411 

Fabularia, 24 
Faceted pleurae, 358 
Facial suture, 354 
False columella, 84 
Family, 14 
Fascicularia y 228 
Fasciculate, 87 
Fasciole, 138 
Favo8ites, 108 
Feather-stars, 159 
Fenestella, 230 
Fenestrellina, 230 
Fission, 53, 86 
Fissurella, 281 
Fi88uridea, 281 
Fistulipora, 228 
Fixed brachial, 164 

„ cheek, 354 

„ lamellibranchs, 247 
Flabellum, 102 
Flagellata, 18 
Flagellum, 17, 33 
Fleas, 409 

Flesh-spicules, 37, 40, 42, 44 
Flies, 409 
Flint, 7 
Floscelie, 140 

Food-groove, 159, 166, 175, 180 
Foot (Cephalopoda), 302 

„ (Gasteropoda), 274, 291, 292 

„ (Lamellibranchia), 235 

„ (Mollusca), 234 

„ (Scaphopoda), 301 



Footprints, 8 
Foramen, 194 
Foraminifera, 18-29 
Forficulidae, 408 
Fossilisation, 2-8 
Fossula, 83, 92 
Francocaris, 392 
Free cheek, 354 
Freshwater lamellibranchs, 271 
Fulcrum, 358 
Fulgoridae, 408 
Funnel, 302, 304, 339 
Fusiform gasteropoda, 279 
Fu8inu8 y 289 
Fusulina, 26, 28 
Fusus, 289 

Galerites, 147 

Galeropygus, 156 

Gammarus, 393, 394 

Gampsonyx, 390 

Gaping (Lamellibranchs), 245 

Gari, 266 

Gasteropoda, 274 

Gastral cavity, 33 

„ layer, 33 
Gastrioceras, 324 
Gastropores, 75 
Gastrozooid, 55, 75 
Genal angle, 354 

„ spine, 354 
Genital operculum, 414, 422, 429 

plates, 130 
Genus, 14 
Geodites, 39, 43, 50 
Geoteuthis, 346 
Gephurocera8, 324 
Geralinura, 430 
Gervillidy 251 
Gills, 139, 234, 236, 273, 274, 303, 

304, 338, 349, 389, 392, 393, 394, 

405, 410, 414, 422 
Glabella, 353 
Gladius, 339 
Glassia, 196 
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Glauconite, 6, 37 
Globigerina, 26, 28 
Globular gasteropoda, 279 
Glycimeris, 249 
Glyphea, 398 
Olyphiocera8 = Goniatites 
Glyptocrintis, 172 
Qlypt08corpiu8, 423 
Glyptosphcera, 175 
Gnathobase, 350, 361, 377, 412 
Gnats, 409 
Goldius, 371 
Gomphocera8, 309 
Gonangium, 54, 55, 64, 66 
Goniatites, 313, 323, 324 
Gonioclymeniciy 323 
Goniamya, 269 
Goniophyllum, 96 
Goniopora, 103 
Gonocyst, 228 
Goncecium, 228 
Gonophore, 53 
Gonotheca, 54, 55 
Gorgonia, 103, 114 
Grceophonii8, 430 
Grammysia, 269 
Granatocrinu8 t 183 
Grantia, 35, 39 
Granules, 136 
Graphularia, 114 
Graptolites, 57-75 
Graptolithina, 57 
Graptolitoidea, 57-73 
Gresslya, 268 
Griffithides, 375 
Gromia, 19 
Gryllidae, 407 
Gryphma, 15, 257 ' 
Gryphochiton, 274 
Guard of Belemnites, 340 
Gymnoblastea, 54 
Gyranolsema, 227 
Gymnomyxa, 17, 18 
Gypidula, 210 
Gyptiina, 78 



Gyroceras, 310 
Gyroceratites, 324 

Haematite, 7 

Halichondria, 39 

Hcdicyne, 352 

Hallirhoa, 45 

Holy sites, 111 

Hamites, 333 

Hamitoid coiling, 320 

Harpe8 y 371 

Barpoceras, 330 

Hastite8> 343 

Harvest-men, 431 

Head-shield, 353 

Helianthaster, 128 

Heliolites, 109 

Heliophyllum, 98 

Heliopora, 104, 107, 109, 115 

Helio8phcera, 30 

#eJis, 294 

Helminthochiton, 274 

Hemiaspis, 416 

Hemiaster, 152 

Hemicidariay 145 

Hemipedina, 146 

Hemiptera, 408 

Hemithyri8 y 214, 220 

Hercolepas, 383 

Hermit-crab, 401 

Heteractinellida, 46 

Heterocoenia, 108 

Heterodont, 241 

Heterodonta, 259 

Heterogenetic homceomorphy, 15, 

197, 321 
Heteropoda, 291, 300 
Hexacoralla, 92, 100 
Hexactinellida, 40-42, 49 
Hiatelhy 267 
HiboliltSy 343 
Hildocerasy 330 
Hinge (Brachiopoda), 191 

„ (Lamellibranchia), 241 
Hinge-area, 192, 243 
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Hinge-line (Brachiopoda), 191 

,, (Lamellibranchia), 241 

Hinge-plate, 242 
Hinnites, 255 
Hippochrenes, 287 
Hippopodium, 259 
HippuriteSy 262 
Hoernesia, 251 
Holaspid stage, 364 
Holaster, 151 
fiolcospongia, 47, 50 
Holcoteuthis = Belemnites, 343 
Holectypina, 147 
Holectypm, 147 
Holmia, 366 
Holocystis, 102 
Holostomatous, 277 
Holothuroidea, 158 
Homalonotus, 369 
Homarus, 400 

Homceomorphy, 15, 197, 321 
Homomya, 269 
Hood, 305 
Hoplites, 332 
Hoplocarida, 404 
Hoploparia, 400 
Horiostoma, 282 
Horse, 13 
Hudsona8ter y 128 
Hughmitteria, 426 
Hyalostelia, 40, 50 
Hyboclypeus y 149 
Hybocrinu8 y 183 
//ydra, 53, 54 
Hydractinia, 54, 76 
Hydranth, 53 
Hydrocaulus, 54 
Hydrocorallina, 75 
Hydrorhiza, 54, 68 
Hydrospire, 180-182 
Hydrotheca, 54, 55, 57, 60 
Hydrozoa, 53 
Hymenocaris, 388 
Hymenoptera, 409 
HyolitheUua, 293 



Hyolithes, 292, 293 
Hypanthocrinu8, 167 
Hypostome, 357 

Ichthyocrinua, 171 

Idiostroma, 78 

Idmonea, 228 

Illcenus, 370 

Imperfection of the record. 11, 12 

Imperforate gasteropods, 276 

Inarticulata, 191, 200 

Included plates, 134 

Incurrent canals, 35 

Indoceras, 337 

Inferior lateral lobe, 314 

Inflected lip, 278 

Infra- basal plates, 161 

Infusoria, 17 

Inhalent canals, 35 

Ink-sac, 303, 339, 343 

Inner lip (Gasteropoda), 277 

Inoceramus, 251 

Insecta, 406 

Insert oculars, 131 

Inter-ambulacral area, 132 

plates, 132, 166 
Inter-ambulacrum = inter-ambula- 
cral area, 132 
Inter- brachial plates, 164 
Inter-radial plates, 161 
Iron pyrites, 7, 37, 57, 63 
Irregularia (echinoids), 147 
IsastrcEa, 102 
IschaditeSy 49 
Isisy 103, 114 
Isocardia, 260 
Isocrinus, 172, 173 
Isodont, 241 
Isognomoriy 252 
lsopoda, 392 
Isoptera, 408 
Isotropic, 3, 37 

Jaekelocystis, 177 

Jaws (Cephalopoda), 305, 339 
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Jelly-fishes, 52, 78 
Julus, 405 

Kampecaris, 406 
Keel (Ammonoidea), 321 
Kilianicaris, 392 
King-crab, 411 
Kodonophyllum, 96 
Koninckia, 109 
Koninckina, 222 
Koninckocidaris, 154 
Kophinaceras, 310 
Kosmoceras, 331 
Kreischeria, 431 
Kutorgina, 201 

Labechia, 78 

Labial palps, 238 

Labrum, 357 

Lacazella, 204 

Lagena, 25 

Lamellibranchia, 235 

Laminarian zone, 296 

Laneet-plate, 180 

Lapworthura, 127 

Lateral budding of corals, 86 

teeth, 242 
Xedfa, 248 

Left valve (Lamellibranch), 246 
Leiopteridf 252 
Lepadocrinus, 177 
£e2>ew, 382, 384 
Leperditia, 380 
Lepidesthes, 136, 154 
Lepidocaris, 378 
Lepidocoleu8 f 186 
Lepidocentrus, 354 
Lepidocyclina, 28 
Lepidodiscus, 186 
Lepidopleurus, 274 
Lepidoptera, 409 
Lepidurus, 378 
Lepisma, 407 
Leptcena, 206 
Leptograptus, 71 
Leptoplastus, 368 



Leptostraca, 385 
Leucon sponges, 46 
Leuco8olenia y 34 
Lichas, 373 
Ligament, 243 
Lima, 255 
Limatula, 255 
Limatulina, 255 
Limncea, 294 
Limonite, 7 
Limulus, 411-414 
Lingual ribbon, 275 
Lingula, 201 
Lingulella, 201 
Liomesus, 288 
Litharcea, 103 
Lithistida, 43, 49 
Lithocampe, 31 
Lithodomus, 250 
Lithophaga, 250 
Litho8trotion, 100 
Litogaster, 397 
Littoral zone, 219, 295 
Littorina, 284 
Lituites, 310 
Lituola, 24 

Lobes (Ammonoidea), 313 
Lobobactrites, 319, 335 
Lobsters, 394, 400 
Locustidse, 407 
Loganograptus, 70 
£oh*gro> 346 
Lonsdaleia, 100 
Lopha, 257 
Lophophore, 190, 224 
Loricula, 383 
Lovenechinus, 154 
Loxonema, 283 
Lucina, 263 
Ludurigia, 330 
Lung-books, 349, 410, 429 
Lunule, 240, 243 
Lunulite8, 233 
Lyopomata, 200 
Lytoceras, 326 
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Maccoyciy 142 

Machceridia, 186 

Machili8, 407 

Macoma, 266 

Macrocallisla, 265 

Macrocephalites, 331 

Macrocheilu8, 283 

Macrochilina, 283" 

Macrocystella, 177 

Macropygus, 148 

Macroscaphites, 333 

Macrura, 395-401 

Macrurous, 397 

Mactra, 266 

Mactromya, 263 

Maculae, 229, 357 

Madrepora, 114, 116 

Madreporaria, 82 

Madreporic plate, 130, 131, 

142 
Madreporite, 120, 175 
Magellania, 216 
Malacostraca, 384 
Mamelon, 137 
Mandibles, 350, 361, 377, 379, 382, 

386, 394, 405, 406 
Manticocercusy 324 
Mantidse, 407 
Mantle (Brachiopoda), 189 

„ (Cephalopoda), 303 

„ (Gasteropoda), 274 

„ (Lamellibranchia), 235 

„ (Mollusca), 234 

„ (Scaphopoda), 301 
Mantle-cavity, 189, 235, 303 
Marginal fasciole, 138 
„ plates, 122 
„ pores, 180 
Marmpites, 165, 170 
Martinia, 211 
Massive corals, 87 
Mastigograptus, 67 
Mastigophora, 17 
Maxillte, 350, 361, 377, 379, 382, 

386, 394, 405, 406 



Maxillipedes, 385, 391, 392, 393, 

394, 404 
May -flies, 408 
Mecochiru8 y 399 
Medusa, 53 
Medusina, 79 
Medv*ifp.« ~ Medusina, 79 
Meekechinu8 y 136, 165 
Megalodon, 264 
Megalosphere, 21 
Megascleres, 37, 46 
Megateuthis, 343 
Melania, 28,5 
MelonechinuSy 143 
Melonites, 143 
Membranipora, 231 
Meraspid stage, 364 
Meretrix, 265 
Meristina, 212 
Merocanites, 325 
Merostomata, 411 
Mesenteries, 79, 80, 81, 103 
Mesobla8tus y 184 
Mesogloea, 52 
Me8onaci8 f 366 
Me8opal<za8ter, 128 
Mesopores, 229 
M esosceptron, 114 
Mesosoma, 410, 411, 417, 427 
Metasepta, 90 

Metasoma, 410, 412, 417, 427, 429 
Metaeternite, 429 
Metastoma, 357, 421 
Metopaster, 124 
Meyeria, 399 
Michelinia, 109 
Micrabaciay 103 
Micra8ter> 151 
Microd%8CU8 9 366 
Micromitra, 200 
Micropora, 232 
Microptychis, 283 
Microscleres, 37, 42, 46 
Microsphere, 21 
Microthyris, 217 
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Miliola, 22 

Millepora, 75 

Milleporidium, 76 

Millericrinus, 164, 171 

Millestroma, 76 

Millipedes, 405 

Mimoceras, 324 

Miocidaris, 136, 154 

Miopentamerus = Pentamerus, 209 

Mitella, 384 

Mites, 410, 431 

Jf i*ra, 289 

Mitr aster > 124 

Mitreola, 289 

Mitrocystis, 175 

Mixopterns 421, 426 

Modiola, 250 

Modiolopsis, 250 

Modiolus, 250 

Mollusca, 234 

Monaxonida, 42, 48 

Monocyclic, 161, 167 

Monograptus", 72 

Monomyaria, 238, 240 

Monoprionidian — uniserial, 59 

Wonticuie, 229 

Montlivaltia, 102 

Mosquitoes, 409 

Moths, 409 

Mouth-angle plates, 122, 126 

Multilocular Foraminifera, 19 

Multispiral operculum, 278 

Murchisonia, 281 

Murex, 289 

Muscular impressions, 195, 240, 306 

Mya, 267 

Myalina, 254 

Myoconcha, 251 

Myophoria, 258 

Myriapoda, 405 

Myriastiches, 154 

Mysidacea, 391 

Mytilacea, 250 

Mytilus, 250 

Myxospongida, 42 



Nacreous layer, 245 

Naiadites, 272 

Nannobelus — Prototeuthis, 343 

A/assa, 288 

Nassarius, 288 

Natantia, 395 

Natica, 285 

Nauplius larva, 351, 384 

Nautiloidea, 304 

Nautilus, 303, 304, 311 

Nebalia, 385 

Neck-furrow, 354 

Neck-ring, 354 

N ecrocarcinus, 403 

Neithea, 255 

Noma, 61 

Nemagraptus, 71 

Nematocysts, 52, 55, 57 

Nematophores, 57 

Neohibolites, 343 

Neolenus, 361 

NeolimuluSf 416 

Neotremata, 201 

Neptunea, 288 

Nerinea, 285 

Nerita, 283 

Nerilina, 283 

Neuroptera, 408 

Nipponites, 323 

Nodosaria, 25 

Notonectidae, 408 

Notopocorystes, 403 

Notostraca, 378 

Nucella, 288 

Nucleolites, 149 

Nucleus (Protozoa), 17 

Nucula, 248 

Nuculana, 248 

Nudibranchia, 291 

Nullipore zone, 296 

Nummulites, 26 

Nummulitic Limestone, 29 

Obelia, 55 
Obolella, 202 
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Obovothyris, 217 
Occluded plates, 133 
Octactinellida, 46 
Octopoda, 346 
Octopus, 338, 346 
Ocular plates, 123, 130 
Oculina, 116 
Odonata, 408 
Odontophor, 122 
Odontophore, 235, 275, 301, 304 
tfgygia, 369 
Olenellus, 366 
Olenus, 368 
Oligochseta, 187 
Oligoporus, 136, 154 
Omphyma (Cetophyllum), 94 
Onidcus, 393 

Ontogeny, 13, 193, 197, 321, 363 
Ony chaster, 128 
Onychophora, 349 
Ooecium, 228 
Oostegites, 390 
Operculina, 27 
Operculum, 278 
Ophiocten, 128 
Ophioglypha, 126, 128 
Ophiolep\8 y 128 
Ophiura, 126, 128 
Ophiuroidea, 125, 128 
Opilionina, 431 
Opts, 260 

Opisthobranchiata, 291, 300 
Opisthoparian, 355 
Opisthosoma, 411 
Oppdia, 330 
Oral plates, 166, 175 

„ surface, 120 
Orbiculoidea, 202 
Orbitolina, 25 
Orbitolites, 24 
Orbitremites, 183 
Orbulina, 26 
Order, 14 

Organ-pipe coral, 103 
OmitheUa, 217 



Orophocrinu8, 178, 184 
Orthacea, 207 
Orthis, 207 
Orthoceras, 308 
Orthogenesis, 13 
Orthoptera, 407 
Osculum, 33 
Ostracoda, 379 
Ostrea, 256 
Ostreacea, 256 
Outer lip (Gasteropoda), 277 
Outer side-plate, 182 
Ovicell, 226 
Oxyclymenia, 323 
Oxynoticera8, 329 
Oxyteuthis, 343 
Oxytoma, 252 
Oxyuropoda, 393 

Pachastrella, 39, 43 
Pachinion, 44 
Pachypora, 109 
Pachyrisma, 264 
Pachyteuthis, 343 
Palceechinu8, 142 
Palcega, 393 

Palazinachus — Protocarcinus, 403 
Palceocaris, 390 
Palaeoconcha, 269 
Palwocorystes, 403 
Palceocreusia, 383 
Pal<EOctopu8, 346 
PcdceocycluSy 94 
Pakeocypris, 380 
Palreodictyoptera, 407 
PcUceodiscus, 154 
Palceolimulus, 415 
Palceolima, 255 
Palceontina, 409 
Pcdoeopakemon t 392 
PaUeophonus, 423, 429 
Palceosmilia, 98 
Palasteriscus, 128 
Pali, 84 
Palinura, 397 
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Pallia! lino, 241 

Pallial sinus, 241 

Palp (mandibular), 379, 386 

Palpebral lobe, 356 

Paludina, 285 

Panopea, 267 

Paper -nautilus, 338, 339 

Papulae, 123 

Parabolina, 368 

Parabolinella, 368 

Paradoxides, 367 

Parallel modification, 15 

Paranebalia, 386 

Parapodia, 187 

Parasmilia, 102 

Pgrkeria, 55 

Park i nsonia , 33 J 

Patella, 280 

Palerina, 200 

Paucispiral operculum, 278 

Pavonaria, 114 

Pearly layer, 245 

Pecten, 255 

Pectinacea, 254 

Pectines, 423, 429 

Pectinibranchia, 283 

Pectini- rhombs, 177 

Pectunculu8, 249 

Pedicellariae, 123, 138 

Pedicle, 192 

Pedicle -opening, 193 

Pedipalp, 410, 427 

Pedipalpi, 430 

Pelagia, 78 

Pelagic animals, 9, 31 

Pelanechinus, 136 

Pelecypoda, 235 

Pelmatopora, 232 

Pelmatozoa, 159 

Peltastes, 145 

PeUoceras, 332 

PeUtura, 368 

Pemphix, 397 

Pen (squids), 339 

Penants, 396 



Pennatula, 104 
Pent<icero8 f 121 
Pentacrinus, 170 
Pentameracea, 209 
Pentamere, 161 
Pentamerus, 209 
Pentremites, 179, 181, 184 
Peracarida, 390 
Per®opod, 395 
Perforata, 92 

Perforate gasteropods, 276 
Periderm, 58, 60 
Perignathic girdle, 141 
Periostracum, 244 
Peripatus, 349 
PeripetalouB fasciole, 138 
Pcripodium, 133 
Periproct, 130 
Perisarc, 54 
Perischodomu8, 154 
Perisphinctes, 332 
Peristome, 129, 138, 277 
Perna, 252 
Peronidella, 47 
Petalograptus, 72 
Petaloid ambulacra, 135 
Petraia, 98 
Petrifaction, 7 
Phacop8, 371 
Phalangida, 431 
Pharetronid sponges, 47 
PhasianeUa, 282 
Phasmidae, 407 
PhillipaaAtrcea, 97 
PhiUipsia, 374 
Pholadomya, 268 
Pholaa, 267 
Phormosella, 40, 49 
Phormo8oma, 136 
Phorua, 285 
Phragmoceras, 310 
Phragmocone, 340 
Phragmoteuthi8, 344 
Phreatoicu8 y 393 
Phrynus, 430 
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Phylactolsema, 227 
Phyllocarida, 385 
Phyllocerat, 326 
Phyllograptus, 70 
Phyllopod appendage, 350, 377 
Phyllopoda, 378 
Phylogeny, 11, 13, 321 
Phylum, 14 
Phymosoma, 146 
Piloceras, 312 
Pinacoceras, 326 
P\nna, 251 
Pinnules, 163 
Pitaria, 265 
Pithcmoton, 403 
PUicocystis, 175 
Pfagiostoma, 255 
Plankton, 295 
Planorbis, 294 
Plant-lice, 408 
Plasmopora, 111 
Plastron (echinoids), 152 
Platyceras, 284 
Platychonia, 50 
PkUycrinu8, 167 
Platystrophia, 208 
Pleopod, 385 
Ple8iechinu8 t 148 
Ple8ioteutht8, 346 
Pleura, 358 
Pleurocystis, 177 
Pleurodictyum, 109 
Pleurograptiw, 71 
Pleuromya, 268 
Pleuropygia, 200 
Pleurotoma, 290 
Pleurotomaria, 280 
Plicatula, 254 
Ploco8yphia, 41 
Plumaster, 128 
Plumularia, 55, 57, 67 
PlttmuKtet, 186 
Pneumatocyst, 65 
Podocyrii8 y 31^ 
Poleumita* 282 



P.ollicipes, 384 

Polychseta, 187 

Pdycheles. 397 

Polygeminai, 134 

Polyp, 53, 58, 75, 81, 103 

Polypary, 57 

Polypide, 225 

Polyplacophora, 273 

Polyzoa, 224-233 

Porcellaneous Foraminifera, 18, 20, 

22 
Porcellaneous layer, 245 
Pore-rhombs, 176 
Porifera, 33-51 
Poro8phcera, 48 
Posidmiia, 253 
Po8tcUmomya, 253 
Post-abdomen, 427 
Posterior canal, 278 
Potamides, 286 
Poteriocera8, 310 
PoteriocrinvA, 169 
Prceanaspides, 390 
Prcelepcut, 383 
Pre-abdomen, 427 
Prearcturu8, 393 
Pre8twichia, 416 
Prestwichianella, 416 
Primary plates, 133 

septum, 82, 90 
„ tubercles, 136 
Primitia, 380 
PriscocAiton, 274 
Prismatic layer, 198, 244 
PrismatophyUum, 97 
Prodissoconch, 245 
Productdla, 205 
JProductus, 204 
Proetwf, 375 
Prographvlaria, 114 
Prdecanites, 325 
PromopofcEcwter, 128 
Pro-ostracum, 343 
Proparian, 356 
Propora, 111 
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Proscorpius, 429 

Prosiphon, 317 

Prosiphonate, 313 

Pr^sobranchiata, 280, 299 

Prosoma, 410, 411, 417,427 

Prosopon, 403 

Protaspid, 363 

Protaster, 127 

Protegulum, 199 

Protobalanus, 383 

Protocarcinus, 403 

Protocardia, 264 

Protocaris, 378 

Protoconch, 280, 308, 317, 022, 340 

ProtocysttSy 177 

Protodonata, 408 

ProtolimultLS, 416 

Protolycosa, 430 

Photophrynus, 430 

Protoplasm, 17 

Protopodite, 350, 361 

Protorthoptera, 408 

Proto8colex, 187 

Protospongia, 41 

Protoleuthis, 343 

Protozoa, 17-32 

Protractor muscle, 240 

Protremata, 204 

Proverruca, 383, 384 

Provinces (Molluscan), 297 

Proximal end, 58 

Psammobia, 266 

PseudocrinuSy 177 

Pseudodeltidium, 194 

P8eudodiadema, 146 

Pdevdogalathea, 392 

Psendoglyphea, 397 

Pseudomelania, 284 

Pseudomonotis, 253 

Pseudoniscus, 416 

Pseudopodia, 17, 18, 19, 30 

Pseudoscorpionida, 430 

Pseudosepta, 106 

Pseudozygopkura, 283 

Psiloceraay 329 



Pteria, 252 
Pteriacea, 251 
Pterinea, 253 
Pterinopecten, 256 
Pteronites, 252 
Pteropod ooze, 292 
Pteropods, 292, 300 
Pterygotus y 425 
PtilograptuSy 74, 75 
PugnaXy 215 

Pulmonary sacs, 427, 429 
Pulmonata, 294, 300 
Pur purely 288 
Purpuroideciy 284 
Pycinastery 124 
Pycnolepas, 384 
Pygastery 148, 156 
Pygidium, 352, 358, 361 
PygocephaluSy 392 
Pi/r^o, 24 
Pyrgocystis, 186 
Pyritonema, 40, 49 

Quinqueloculina, 24 

Radial plates, 123, 126, 131, 161. 179 
„ symmetry, 79, 116, 176 
„ water-vessel, 120, 133, 141, 
160 

Radiolaria, 30, 32 

Radiolarian ooze, 31 

Radiole, 137 

Radiolites, 263 

Radula, 275 

Raninidae, 403 

Hafinesquina, 206 
\jRa8triteSy 72 

RayonnoceraSy 309 

Recapitulation theory, 13 

Receptaculite8y 49 

Red coral, 103 

Reef corals, 112 

Reflected lip (Gasteropoda), 278 

Regularia (echinoids), 142 

Remopleuride8, 355 
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Reniera, 43, 50 
Reptantia, 397 
Requienia, 262 
Retiolites, 72 
Retractor muscles, 240 
Retrosiphonate, 307, 313 
Rhabdocera8 f 336 
Rhabdomeson, 231 
Rhabdosome, 57 
Rkaphidonema, 47 
Rhipidomella, 208 
Rhizophyllum, 96 
Rhizo8toma, 78 
Rhizostomites, 78 
Rhopalobelus = Hastites, 343 
Rhopalocoma, 128 
Rhopalonaria, 227 
Rhynchonella, 213 ' 
Rhynchonellacea, 213 
Rhynchotreta, 215 
Rhyniella, 407 
Right valve, 246 
Rimella, 287 
Root (Crinoid), 160, 164 
Root-tuft of Sponges, 36, 40 
Rostellaria, 287 
Rostral plate, 404 
Rostrum, 385, 394, 395, 397 
Rotalia, 26 
Rugosa, 92, 94 
Rusiella, 200 

tiaccammina, 24, 28 
Saccamminopsis, 24 
Saccocoma, 165, 173 
Saddles (Ammonoidea), 313 
&a0enomw«a, 171 
SalenicCf 145 
Salterella, 292, 312 
SanguinoliteSy 270 
tfao, 363 
Sarcodina, 18 
Saw-flies, 409 
Saxicava, 267 
Scala, 284 



Scalaria, 284 

Scalpellum, 383 

Scaphites, 335 

Scaphitoid coiling, 320 

Scaphopoda, 301 

Schellwienella, 207 

Schimperella, 392 

Schizaster, 152 

Schizoblastus, 184 

Schizodont, 241 

Schizodonta, 257 

Schizodus, 258 

Schizophoria, 208 

Schizopoda =Mysidacea + Euphau- 

siacea, 391, 394 
Schloenbachia, 333 
Sehlotheimia, 329 
Scorpionida, 427 
Scrobicule, 137 
Sctttaa, 405 
Scutella, 148 
Scutum, 383 
Scyphomedusae, 78 
Scyphozoa, 78 
Scytalia, 39, 44 
Sea-anemones, 52, 79, 82 
Sea-cucumbers, 158 
Sea-lilies, 159 
Sea-urchins, 129 
Seliscothon, 39, 44 
Septa, 302, 346, 347 
Septa (Cephalopoda), 306 

„ (Corals), 82, 85, 88-92 

„ (Foraminifera), 19, 20 
Septal fossula, 83 

„ necks, 307, 313 
ScrpuJa, 188 
Sertularia, 55, 57, 67 
Sessile eyes, 390, 392, 394 
Setae, 187, 189 
Sicula, 58, 61-64 
Side-plates, 180 
Sieberella, 210 
Silica, 3, 7, 30, 36, 37 
Siliquaria, 276 
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Silver-fish, 407 

Simple ambulacra, 135 

Sinistral gasteropoda, 276 

Sinupalliata, 265 

Sipho, 288 

Siphon, 236, 274, 277 

Siphonal saddle, 314 

Siphonia, 45 

Siphonostomatous, 277 

Siphonotreta, 202 

Siphonozooids, 104 

Siphuncle, 307, 313, 317, 339, 340 

Skeletal-spicules, 37 

Slimonia, 426 

Smithia, 97 

Solarium, 284 

Solaster, 128 

Solen, 266 

Solitary corals, 111 

Somite, 348 

Sonninia, 330 

Spatangina, 149 

Spatangus, 131, 157 

Species, 14 

Sphcerezochus, 373 

SphcerophthalmuSy 368 

Sphcerospongia, 49 

Spicules, 36-39, 103, 158 

Spiders, 430 

Spines (Echinoidea), 137 

Spiracles, 179 

Spiral angle, 276 

„ ornament, 279 
Spire of gasteropods, 276 
Xpirifer, 211^ 
Spiriferacea, 211 
Spiriferina, 211 
Spiroloculina, 24 
Spirorbis, 188 
Spirula, 339, 346 
Spirulirostra, 344 
Spirulirostridium, 344 
Spirviiro&trina, 344 
Spondylium, 196 
Spondylus, 254 



Sponges, 33-51 

Spongilla, 43, 48, 50 

Spongin, 36, 42, 43, 46 

SpongophyUoides, 96 

Sporozoa, 18 

Squid, 338 

Squilla, 405 

Stalked eyes, 386, 390, 395, 404 

Starfishes, 120 

Stauranderasler, 124 

SUiurocephalus, 373 

Stauronema, 50 

Stem (Blastoidea>, 177 
„ (Oinoidea), 160 
„ (Cystidea), 173, 174 

Stenaster, 128 

Stenopora, 230 

Stenopus, 396 

Stephaneocero8, 331 

Sternum, 349, 418, 427 

Stigmata, 429 

Stomatopoda, 404 

Stomatopora, 228 

Stomechintts, 146 

Stomodamm, 79, 80, 81, 103 

Stone-canal, 124, 141, 160 

Strabops, 426, 

Stramentum, 383 

Streptelasma, 94 

Streptoneura, 280 

Stricklandia, 210 

Stringocephalus, 217 

Stromatocystis, 186 

Stromatopora, 76 

Stromatoporella, 78 

Stromatoporoidea, 76 

Strombus, 287^ 

Strophalosia, 205 

Strophomena, 207 

Strophomenacea, 204 

Strophonella, 207 

Sturtzaster, 128 

Stylaster, 76 

Styliform columella, 84 

Stylina, 102 
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Styliola, 292 
Stylonurus, 425 
Sub-anal fasciole, 138 
Sub-petaloid ambulacra, 135 
Sucking-discs, 302, 339 
Superior lateral lobe, 314 
Supplemental skeleton, 26 
Sur-anal plate, 131 
Suture (Gasteropoda), 276 
Suture-line (Cephalopoda), 308, 
v 313-317 
Sycon sponges, 46 
Synapta, 158 
Synapticula, 84 
Syncarida, 389 
Syncyclonema, 255 
Syringopora, 107 
Syringothyris, 212 

Tabula, 84, 104, 106 
Tabulate corals, 106-111 
Tail fan, 385 
Talitrus, 393 
Tanaidacea, 391 
Taxodont, 241 
Taxodonta, 248 
Tealliocaris, 392 
Tectibranchia, 291 
Teeth (Brachiopoda), 191 

„ (Lamellibranch), 241 
Tegmen, 161, 165 
TeUina, 265 
Telotremata, 211 
Telson, 350, 377, 384, 385, 392, 

395 
Temnocheilus, 311 
Tentaoles, 53, 79, 81, 103, 158, 187, 

190, 224, 274, 302 
Tentaculites, 293 
TerebrateUa, 217^ 
Tcrebratula, 216 
Terebratulacea, 216 
Ttrebratvlina, 216 
Tertdo, 268 
Tergum, 349, 383, 418, 427 



Termitidrc, 408 

Testicardines, 200 

Tetrabranchia, 304 

Tetracoralla, 93 

Tetractinellida, see Tetraxonida 

Tetragraptus, 70 

Tetraxonida, 43, 49 

Textularia, 25 

Thais, 288 

Thalassoceras, 318 

Thamnasteria, 102 

Theca, 293 

Theca (Corals), 83 

Thecidea, 204, 223 

TkecideUina, 204 

Thecosmilia, 102 

Theodoxus, 283 

Theonoa, 228 

Theiironia, 264 

Thetis, 264 

Thiara, 285 

Tholiasterella, 46, 50 

Thorax (Triiobite), 352, 358 

Thracia, 269 

Tibia, 287 

Ticks, 431 

Tityus, 429 

Tornoceras, 324 

Torus. 126 

Toucasia, 262 

Toxaster, 153 

Tracheae, 349 , 405, 406, 410, 427 

Trachyceras, 326 

Transverse ornament, 279 

Trematis, 201 

Trepostomata, 229 

Tretenterata, 200 

Trisenes, 43 

Triarthrus, 359 

Trichoptera, 409 

Trigeminal, 134 

Trigonia, 257 

Trilobita, 352 

Trimerocephalup, 371 

Trinucleus, 366 
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Tritaxia, 20 

Trivia, 287 

Trochiform gasteropods, 271) 

Trochoceras, 312 

Trochocyathus, 112, 116 

Trochodiscus, 31 

Trocholites, 335 

Trochus, 282 

Troostocrinus, 182, 183 

Tube-feet, 120, 125, 129, 133, 135, 

141, 158, 160, 185 
Tubercles, 136 
Tubipora, 103, 107, 115 
Tubularia, 54 

Turbinate gasteropods, 279 
Turbinolia, 100 
Turbo, 282 

Turreted gasteropods, 279 
Turrilepas, 186 
Turrilites, 335 
Turn*, 290 
Turritella, 285 
Typhis, 289 

Ubaghsia, 109 
Uintacrinus, 165, 173 
Umbilicus, 276, 320 
Umbo, 190, 240 
Uncites, 212 

Unguiculate operculum, 278 
Unicardium, 263 
Unigeminal, 134 
Unilocular, 19 
*7m*o, 258, 272 
Uniramous, 350, 385, 395 
Uniserial crinoids, 161 

„ graptolites, 59 
Univalve, 275 
Ur aster ella, 128 
Urda, 393 
Uronectes, 390 
Uropod, 385, 395, 400 
Ussuria, 318 

Valves (Brachiopod), 189, 190 



Valves (Lainollibranch), 235, 239, 

246 
Varices, 279 
Varieties, 15 
Velum, 53 
Venericardia, 261 
Ventral, 239 
Ventral valve, 189 
Ventriculites, 41 
Ventro -lateral plates, 123 
Venus, 265 
Vermetus, 276 
Verrucocozlia, 51 
Verruca, 383, 384 
Verruculina, 44 
Vesicular tissue (corals), 84 
Vestinautilus, 311 
Vibracula, 226, 231 
Vinella, 227 
Virgula, 58, 61 
Visceral chamber, 82 
Vitreous Foraminifera, 18, 25, 28 
Viviparus, 285 
Volborthella, 312 
Vulsella, 253 
Voluta, 289 
Volutospina, 290 

Waagenophyllum, 115 

Waldheimia, 216 

Wasps, 409 

Water- boatmen, 408 

Water-fleas, 377 

Water- vascular system, 117, 124, 

129, 141, 158, 160, 175 
Whip-scorpions, 430 
White ants, 408 
Whorl, 276 
Wilsonia, 215 
Wood-louse, 393 
Woodocrinus, 169 
Worms, 187 

Xanthopsia, 404 
Xenaster, 128 
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Xmophora, 285 
Xiphosura, 411 
Xylobius, 406 
Xylodes, 96 

Zaphrentis, 98 
Zeilleria, 217 
Zeugmatolejms, 383 
Zoa»a, 351 



Zoantharia, 81-103, 111 
Zoarium, 224 

Zone of Brachiopods and Corals, 
297 

„ of Nullipores, 296 
Zones (stratigraphical), 8 

„ of depth, 295 
Zooeeium, 225 
Zoospore, 22 



